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Preface 


Since the publication of the first edition of this book, there have been many significant devel- 
opments in prostate cancer diagnosis and treatment. We have witnessed a paradigm shift in the 
objectives of prostate cancer management, from diagnosing and treating all cancers to clini- 
cally significant ones. Recent publication of the World Health Organization (WHO) genitouri- 
nary bluebook brought forth numerous significant changes in the diagnosis, classification, 
grading, staging, and reporting of prostate cancer that every pathologist needs to know and 
integrate in his/her practice. New diagnostic tools, including magnetic resonance imaging 
(MRI), genomic testing and artificial intelligence (AI), are rapidly reshaping the landscape of 
prostate cancer diagnosis and management. Pathologists need to understand how these novel 
diagnostic modalities may dramatically change their practice of prostate biopsy diagnosis. 

This book retains the core contents of its successful first edition and covers all the practical 
issues related to prostate biopsy diagnosis in day-to-day practice. Pertinent new information is 
incorporated in all chapters. In particular, how novel diagnostic tools such as MRI and genomic 
tests may affect prostate biopsy practice is discussed. An entirely new chapter on pattern-based 
approaches to prostate biopsy interpretation has been added. 

This book is not meant to be an all-encompassing, definitive bibliography of pathology of 
prostate cancer. The primary goal of this book is to provide practicing surgical pathologists as 
well as trainees a quick and handy reference for all the practical issues relevant to day-to-day 
interpretation of prostate biopsy. This second edition keeps the format of the original book. It 
uses abundant algorithms, flow charts, and tables to simulate a pathologist’s thought process 
during evaluation of prostate biopsies. Readers will learn the most effective way to evaluate a 
prostate biopsy and how to formulate a diagnostic approach upon encountering a specific clini- 
cal problem. 
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Anatomy and Normal Histology 
of the Prostate Pertinent to Biopsy 
Interpretation 


In an adult man without significant prostatic hyperpla- 1.1 Anatomy of Normal Prostate 
sia, the prostate gland is shaped like an inverted cone 
and weighs 30—40 g. It is located within the pelvis, with 
its base proximally at the bladder neck and its apex dis- - 

i ; : ; Inverted cone-shaped, with the base at the bladder neck and apex at 
tally at the urogenital diaphragm. It lies anterior to the ihe urogenital diaphragm (Fig. 1.1) 
rectum, with the urethra running through its center and Prostatic urethra runs through the center of the gland with a 35° 
serving as an important reference landmark. Therefore, anterior bend at the verumontanum 
the prostate is amenable to transrectal needle biopsy and Divided into three zones: peripheral zone, central zone, and 
transurethral resection. Anatomically, it comprises three “sition Zone (see Figs. 1.1 and 1.2) 


š ; è i Anterior fibromuscular stroma covers anteromedial surface 
zones with different volume, histology, and disease pref- : : 
1] Peripheral and central zones collectively referred to as outer 
erence š 


prostate; transition zone and anterior fibromuscular layer 
termed inner prostate [2], where hyperplasia principally 
occurs 


Table 1.1 Anatomy of the prostate gland 
Average weight 30—40 g 
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Ejaculatory 
duct 


Urethra 


Transition 
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Anterior 


fibromuscular 
layer 


Peripheral 
zone 


Fig. 1.1 Anatomy of the prostate. Using the prostatic urethra and ejac- 
ulatory ducts as reference landmarks, the prostate comprises three prin- 
cipal zones and an anterior fibromuscular layer. The central zone, about 
25% of the prostate volume, is an inverted cone surrounding ejaculatory 
ducts and forms part of the prostate base. The transition zone lies 
anterolateral to the proximal prostatic urethra. The peripheral zone, 
about 70% of the prostate volume, extends posterolaterally around the 
central zone and distal prostatic urethra. Peripheral and central zones 
are collectively referred to as outer prostate whereas the transition zone 
and anterior fibromuscular layer as inner prostate 


Anterior 
fibromuscular layer 


Urethra 


Peripheral 
zone 


erumontanum 


Fig. 1.2 Coronal section of the prostate showing the location of the 
peripheral zone and transition zone in relation to the proximal urethra 
and verumontanum. There is a band of condensed fibromuscular and 
glandular tissue at the junction between the transition and peripheral 
zones, which is described in the older literature as “surgical capsule” 
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Anatomy and Disease Preference 


of Three Zones of the Prostate 


Table 1.2 Anatomy and disease preference of three zones of the 


prostate 


Peripheral zone 
Anatomic landmarks 
Intraprostatic Horseshoe- 


location shaped region 
extending 
posterolaterally 
around central 
zone proximally 
and distal 
prostatic urethra 
distally 

Disease preference 

Atrophy Frequent 

Benign Infrequent 

prostatic 

hyperplasia 

Inflammation Frequent 

Carcinoma 70% 

(% of total 

cancer) 

Tissue-sampling techniques 

Transrectal Good 

needle biopsy 

Transperineal Good 

needle biopsy 

Transurethral Poor 

resection 


Central zone 


Inverted 
cone-shaped area 
surrounding 
ejaculatory ducts 
It’s base at the 
bladder neck and 
apex at 
verumontanum 


Infrequent 
Rare 


Infrequent 
10% 


Good 
Good 


Poor 


Transition zone 
Anterolateral to 
proximal 


prostatic 
urethra 


Variable 
Frequent 


Variable 
20% 


Poor 
Good 


Good 
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1.3 Histology of Normal Prostate 


Table 1.3 Histology of the normal prostate gland 


Prostate glands medium to large in size and forming lobulated 
architecture with intervening fibromuscular stroma (Fig. 1.3) 
Irregular contour with luminal undulation and papillary infoldings 
(Fig. 1.4) 

Glands lined mainly with two major types of cells: secretory cells 
and basal cells, and several cell types intermediate between basal 
and secretory cells 

Prostate epithelial cells represent a continuum of differentiation from 
stem cells (basal cells) to fully mature luminal cells (secretory cells) 
Secretory cells with clear to pale cytoplasm and reddish granular 
chromatin (Fig. 1.5) 

Basal cells situated at the periphery with blue-grayish, smooth nuclei 
(see Fig. 1.5) 

Intermediate cells represent intermediate steps in basal to secretory 
cell differentiation with distinct immunophenotype (see Table 1.4) 
Epithelial cells with neuroendocrine differentiation rarely seen 

(Fig. 1.6) 

Corpora amylacea within the glandular lumens (Fig. 1.7) 
Lipofuscin pigment may be seen in secretory cells (Fig. 1.8) 

Small nodules may be seen in stroma (Fig. 1.9) 

Prostate glands of central zone morphologically distinct from 
peripheral and transition zones glands (Fig. 1.10) 


Fig. 1.4 Normal prostate glands have irregular contour with luminal 
undulation and papillary infoldings 


Fig. 1.3 Benign prostatic tissue. At low scanning power, prostate Fig. 1.5 Normal prostate glands comprise two main types of cells: 

glands are medium to large in size and form lobulated architecture with secretory cells and basal cells. Secretory cells are cuboidal or columnar- 

intervening fibromuscular stroma shaped with clear to pale cytoplasm and pseudostratified nuclei. Basal 
cells are situated at the periphery of the gland beneath the secretory 
cells. They are spindle-shaped and parallel to the basement membrane. 
Basal cells may be difficult to distinguish from secretory cells or stro- 
mal fibroblasts on routine hematoxylin-eosin stain slide. However, 
secretory and basal cell nuclei exhibit some tinctorial difference on a 
well-stained slide: secretory cells have reddish granular chromatin, 
while basal cells have blue-grayish, semi-transparent chromatin 
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p < d g v 
NA À a) freee NSN 
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Fig. 1.6 Prostate secretory cells are considered to be terminally dif- tase (PAP) (b), prostate-specific membrane antigen (PSMA) (ce) [4], and 
ferentiated and are positive for prostate-lineage-specific markers such NKX3.1 (d) [5] 
as prostate-specific antigen (PSA) (a), prostate-specific acid phospha- 


> E Senga "i 2 
+. eS 


te 
ers 


Fig. 1.7 Prostate basal cells are prostate stem cells and less differentiated [6]. They are negative for prostate-specific markers but positive for high 
molecular weight cytokeratin (34BE12 or cytokeratin 5/6) (a) and p63 (b), or p40, an isoform of p63 [7, 8] 


Immunophenotype of Prostate Glandular Cells 


1.4 


Fig. 1.8 Prostate glands with Paneth cell-like cells with red cytoplas- 
mic granules (arrow), a form of neuroendocrine differentiation [9]. 
Although rare, the neuroendocrine cells have the largest number in the 
prostate gland among genitourinary organs 


1.4 


immunophenotype of Prostate 
Glandular Cells 


Table 1.4 Immunophenotype of prostate epithelial cell types? 


Prostate glandular cell 

Basal Secretory 
Markers Basal intermediate intermediate Secretory 
p63 ++ ++ = = 
Cytokeratin 14 ++ = = z 
Cytokeratin 5 ++ ++ ++ = 
C-Met +/— +- +/— — 
Cytokeratin 8 + + + ++ 
Cytokeratin 18 + + + ++ 
Androgen fi =i f= m 
receptor 


+, weak nearly homogeneous staining; ++, strong nearly homogeneous 
staining; +/—, weak to strong heterogeneous staining; —/+, weak het- 
erogeneous staining; —, no staining 

Modified from van Leenders et al. [3] 


Fig. 1.9 Benign prostate glands with corpora amylacea, which are 
round, concentrically laminated structures within lumens. Rarely seen in 
prostate cancer, their presence usually mitigates a cancer diagnosis [10] 


Fig. 1.10 Lipofuscin pigment in benign prostate glands (arrow). It is 
considered “wear and tear” products in aging cells. Rarely seen in pros- 
tate cancer, its presence usually mitigates a cancer diagnosis [11] 


Fig. 1.11 Hyperplastic stromal nodule. Prostate stroma comprises 
skeletal and smooth muscle fibers, fibroblasts, nerves, and vessels. 
Stromal nodules can be seen in biopsies taken from all three zones and 
do not correlate with clinical symptomatology of benign prostatic 
hyperplasia [12] 
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1.5 Histology of Three Zones of Normal 
Prostate Glands, Other Intraprostatic 
Structures, and Their Mimics 


Table 1.5 Histology of three zones of normal prostate glands, other intraprostatic structures, and their mimickers (see Chap. 7) 


Peripheral zone 


Central zone [13] 
(Fig. 1.12) 


Transition zone [14] 


Seminal vesicle/ 
ejaculatory ducts 


Architectural features 
Small simple acini 
Lobular configuration 
Loose stroma 


Large complex acini with cribriform and 


intraluminal ridges 

Dense stroma 

Small simple acini 

Conspicuous nodular configuration 
Dense stroma 

Central irregular lumen with 


surrounding clusters of smaller glands 


Cytological features 
Clear cytoplasm 


Eosinophilic cytoplasm 
Stratified nuclei 
Prominent basal cell layer 
Clear cytoplasm 


Scattered cells showing prominent 
degenerative nuclear atypia 


Mimics 


High-grade prostatic intraepithelial 
neoplasia (HGPIN) 


Adenosis 


HGPIN 
Prostate carcinoma 


(Fig. 1.13) Golden brown lipofuscin pigment Prostate tissue with radiation atypia 
Intraductal carcinoma 
Verumontanum Closely packed small acini beneath Lipofuscin pigment Prostate carcinoma 
mucosal gland urethral mucosa 
hyperplasia Orange-brown dense luminal secretion Basal cells 
(Fig. 1.14) 
Cowper’s glands Noninfiltrative, lobular pattern Acini with voluminous, pale Foamy gland carcinoma 
(Fig. 1.15) Dimorphic population of ducts and cytoplasm Prostate glands with mucinous 
mucinous acini metaplasia 
Intermixed with skeletal muscle fibers 
Paraganglia Small clusters or nests of clear cells with Clear or amphophilic, granular High-grade prostate carcinoma 
(Fig. 1.16) prominent vascular pattern cytoplasm Prostate cancer with androgen 


deprivation effect 
Intimately associated with nerve 
Most common in periprostatic soft tissue 


Inconspicuous nucleoli 


Fig. 1.12 Central zone prostate glands are large complex acini with basal cell layer (b). Central zone glands may be mistaken for HGPIN 


cribriform and intraluminal ridges with dense stroma (a). The secretory 
cells have eosinophilic cytoplasm, stratified nuclei, and prominent 


[14]. Unlike HGPIN, central zone glands lack significant nuclear 
atypia, including nuclear enlargement and prominent nucleoli 
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Fig. 1.13 Seminal vesicle/ejaculatory ducts. On prostate biopsies, 
these two structures cannot be distinguished reliably as they have simi- 
lar morphology. They have a central irregular lumen with surrounding 
clusters of smaller glands whose cells display scattered but prominent 
degenerative nuclear atypia and golden brown pigment in cytoplasm 
and prostate carcinoma. They may be mistaken for HGPIN, radiation- 
induced changes, and intraductal carcinoma [15] 


Fig. 1.15 Cowper’s glands. They are extraprostatic structures found 
within the urogenital diaphragm and are therefore rarely sampled in the 
biopsy from the apex. They are composed of a dimorphic population of 


Fig. 1.14 Verumontanum mucosal gland hyperplasia. Rarely sampled 
in needle biopsy, it comprises closely packed small acini beneath the 
urethral mucosa. Orange-brown dense secretion is found in glandular 
lumens [16] 


ee 


ducts and mucinous acini intermixed with skeletal muscle fibers (a, b) 
[17] 
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Fig. 1.16 Paraganglia are found most commonly in periprostatic soft (a). Cells are positive for neuroendocrine markers such as synaptophy- 
tissue. They are composed of small clusters or nests of clear cells with sin (b) [18] 
a prominent vascular pattern and are intimately associated with nerves 


1.6 Histologic Variations of Normal 
Prostate Tissue (Also See Chap. 7) 


Fig. 1.17 Atrophic prostate glands retain lobulated architecture. Cystic Fig. 1.18 Basal cell hyperplasia. Prostate glands are rimmed with one 
dilatation is common. Glands appear dark due to reduced cytoplasm. or several layers of basal cells (a). Basal cells have scant cytoplasm and 
There are several distinct histologic variants of atrophy. It is very com- _ round-to-oval hyperchromatic nuclei. They are positive for basal cell 
mon and affects patients of a wide age range, including men in their markers such as p63 (b). Some basal cells are stratified and have promi- 
early 20s [19, 20] nent nucleoli and may be mistaken for HGPIN. Microcalcification (c, 
arrows) and hyaline globules (c, arrowheads) may also be seen [21] 
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Fig. 1.20 Perineural abutment. A benign prostate gland abuts and 
loosely encircles a nerve fiber (a). It is critical to distinguish it from 
perineural invasion by prostate cancer. In difficult cases, immunostains 
for basal cells, such as p63, can be used to confirm the benign nature of 
the glands (b) [22] 


Fig. 1.19 Urothelial metaplasia. A form of basal cell hyperplasia, uro- 
thelial metaplasia consists of stratified basal cells with longitudinal 
nuclear grooves arranged perpendicular to the basement membrane 
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Fig. 1.21 Prostate glands within skeletal muscle fibers. Skeletal mus- 
cle can be found intraprostatically, usually in the apex and anterior 
fibromuscular layer. Prostate glands can be found within the skeletal 
muscle fibers [23]; therefore, finding cancer glands within the skeletal 
muscle fibers should not be interpreted as extraprostatic extension 


Fig. 1.22 Irregular prostate-periprostatic interface. The prostate does 
not have a true capsule. To determine if cancer glands have extended 
outside the prostate gland, one could draw an imaginary prostate- 
periprostatic interface that forms a smooth contour and encompasses all 
the prostate glands. However, the prostate-periprostatic interface is 
often irregular and jagged at the anterior aspect, apex, and the base of 
the gland (arrows). The determination of extraprostatic extension at 
these sites is difficult and requires finding cancer glands within fat, as it 
is exceedingly rare to find fat within the prostate gland; therefore, can- 
cer glands intermixed with fat in needle biopsy can be safely interpreted 
as extraprostatic extension by cancer 
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Needle Biopsy Sampling Techniques 
and Role of Multiparametric-Magnetic 
Resonance Imaging Modality 

in Prostate Cancer Diagnosis 


and Management 


The clinicopathological characteristics of newly diagnosed 
prostate cancer have significantly changed due to widespread 
prostate-specific antigen (PSA) screening after its introduc- 
tion in the late 1980s. The most remarkable change has been 
“stage migration” toward smaller volume disease at a younger 
age. The diagnosis of prostate cancer now is mostly triggered 
by an elevated or rising PSA rather than an abnormal digital 
rectal examination, resulting in a significant increase in the 
percentage of nonpalpable cancers (stage T1C) between 1988 
and 1996 from 10% to 73% [1]. With this trend, the prostate 
biopsy application and sampling techniques have also rapidly 
evolved. In 1989, the transrectal ultrasound (TRUS)-guided 
sextant prostate biopsy was introduced and rapidly became 
the standard over directed biopsies of hypoechoic lesions and 
palpable nodules. In recent years, it has become increasingly 
evident that sextant biopsies could miss a significant number 
(up to 30%) of cancers because only a small percentage of 
prostates has a tumor distribution detectable with the parame- 
dian template utilized by the sextant approach. Furthermore, 
sextant protocol tends to undersample certain areas of the 
prostate, such as “anterior horns” and the lateral aspects of the 
peripheral zone, where majority of prostate cancer arises [2, 3]. 
Recent studies suggested moving the biopsies more laterally 
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to better sample the lateral aspects and anterior horns of the 
peripheral zones. This recommendation was supported by the 
zonal anatomy of the prostate as well as the origin of the 
tumor. Because approximately 70% of prostate cancers origi- 
nate in the peripheral zone, extended biopsy templates that 
more extensively sample this region could improve the cancer 
detection rate. 

The main disadvantage of TRUS-guided prostate biopsy, 
however, is that it misses a substantial proportion of clini- 
cally significant cancers (approximately 20%) because of 
sampling errors, especially in the anterior part of the prostate 
gland, and a high proportion of men are diagnosed with clini- 
cally insignificant disease, which may result in subsequent 
overtreatment. Owing to its high soft-tissue contrast, high 
resolution, and ability to simultaneously image functional 
parameters, multiparametric-magnetic resonance imaging 
(mp-MRI) provides the best visualization of the prostate 
compared to other imaging methods. Over the past years, 
mp-MRI use has shifted from staging purposes to detection 
and tumor localization and prediction of clinically signifi- 
cant cancers. This chapter discusses the application of vari- 
ous TRUS and MRI-guided sampling methods and their 
impact on day-to-day practice. 


R. B. Shah, M. Zhou, Prostate Biopsy Interpretation, https://doi.org/10.1007/978-3-030-13601-7_2 
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2.1 Comparisons of Three Biopsy 
Techniques Utilized for Prostate 
Cancer Detection [2-13] 


Table 2.1 Three biopsy techniques for prostate cancer detection 


Technique Sextant biopsy Extended biopsy Saturation biopsy 
Definition Six cores from Six cores from the sextant sites with additional >4 cores > 14 cores (median, 24) targeted from 
paramedian base, mid, from the lateral aspect and anterior horns of prostate lateral to median aspect of prostate 


apex of the prostate 


Approach Paramedian, typically via Paramedian and lateral, usually via transrectal route 


transrectal route 


Lateral and paramedian, via transrectal 
or transperineal route 


Traditionally first-time Contemporary approach for first-time biopsy and repeat Primarily for staging minute focus of 
biopsy for both diagnosis and staging of minute focus of Gleason score 6 prostate cancer 


Gleason score 6 cancer (currently recommended by 


Indications 

biopsy approach 

NCCN) 

Impact on Poor biopsy/ 
pathologic prostatectomy Gleason correlation 
diagnosis score correlation 

(40-50% exact 

correlation) reduced (~20%) 


Disadvantages High false-negative rate None specifically 
(30-70%) 


NCCN National Comprehensive Cancer Network 


Fig. 2.1 Diagrammatic representation of sextant, extended, 
and saturation biopsy techniques in prostate cancer detection. 
Sextant biopsy protocol utilizes paramedian (parasagittal) plane 
sampling approach directed toward the base, mid, and apex of 
the prostate bilaterally. In comparison, contemporary extended 
biopsy approach utilizes various laterally directed biopsies in 
addition to the standard sextant biopsies to improve the 
detection of peripherally located prostate cancer. This approach 
is supported by the zonal anatomy of the prostate and the origin 
of the tumor. As shown in this diagram, the National Cancer 
Comprehensive Network (NCCN) recommends an extended 
12-core biopsy that includes a standard sextant sampling of the 
apex, mid-gland, and base of both the right and left sides of the 
prostate, as well as six additional cores from the lateral 
peripheral zone on each side [7]. Saturation biopsy is an 
infrequently utilized extensive sampling approach and is 
primarily utilized for staging minute focus of Gleason score 6 
prostate cancer. Using an inward radial step approach, prostates 
are biopsied starting at the far lateral peripheral zone (anterior 
horn) and continuing until the mid-gland is reached. The 
process is repeated on the contralateral side. Transition zone of 
the prostate is also regularly sampled. On average, 23 (range, 
14-45) biopsy cores are taken 


Improves biopsy/prostatectomy Gleason score 


Significantly improves prostate cancer detection 
Cancer risk of focal HGPIN (< 2 cores) significantly 


Improves biopsy/prostatectomy Gleason 
score correlation 

Able to detect multifocal cancer with 
foci of high-grade component 

Improves prostate cancer detection 
Requires general anesthesia 


Bladder 


Seminal 
vesicle 


Transition 
zone 


Mid 


Central 
zone 


Peripheral 
zone 


Urethra 
Right Left 


© Sextant biopsy © Extended biopsy © Saturation biopsy 
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2.2 


Comparisons of Transrectal 
and Transperineal Biopsy Approach 
[13-14] 


Table 2.2 Transrectal and transperineal biopsy approaches for prostate cancer detection 


Transperineal 

Biopsies taken through transperineum (anterior approach) 

Biopsy needle maintained exactly parallel to transrectal probe (parallel to 
rectum) 

Biopsies taken from the anterior to the distal part of the prostate 
Commonly used in saturation biopsy protocol 

Every part of the prostate can be easily reached providing an effective 
technique for prostate cancer detection 

Improves detection of anteriorly located (transition zone) prostate cancer 
No passage through the rectum; better approach for patients with proctitis 
Low incidence of infectious complications; does not require antibiotics use 


Low complication rates 


Technique Transrectal 

Approach Biopsies taken through transrectal approach 
Biopsy needle guided by transrectal ultrasound 
Biopsies taken primarily from posterolateral area 

Indications Most common biopsy approach 

Advantages Ease of procedure 
Widely accepted by urologists 

Disadvantages Traverses through the rectum with higher rate of 
infectious complications; requires regular 
antibiotic use 
Higher chance of missing anteriorly located 
(transition zone) tumors 

2.3 Multiparametric-Magnetic Resonance 


Imaging (mp-MRI) for Prostate Cancer 
Diagnosis and Management [15-19] 


Technically demanding; requires learning curve 


On the systematic TRUS prostate 
biopsy, the biopsy needle often 
passes through tumor-free areas 
of the prostate, potentially missing 
the tumor entirely. 


Fig. 2.2 A targeted prostate biopsy based on mp-MRI findings outlin- 
ing regions of interest (ROI) improves detection of clinically significant 
prostate cancer over systemic TRUS-guided biopsy. Owing to its high 
soft-tissue contrast, high resolution, and ability to simultaneously 
image functional parameters, mp-MRI provides the best visualization 
of the prostate compared to other imaging methods. Over the past years, 
MRI use has shifted from staging purposes to detection and tumor 


When a suspicious abnormality is detected on MRI, 

a region of interest (ROI) is marked and subsequently 
a targeted tissue sampling from ROI can be performed 
with MRI-guidance in addition to the systematic 
prostate biopsy, thus increasing the likelihood that 
prostate cancer is detected. 


localization and prediction of clinically significant cancers. In addition, 
functional techniques, such as diffusion-weighted MRI, dynamic 
contrast-enhanced MRI, and/or MR spectroscopy imaging, in addition 
to conventional T2-weighted multiparametric MRI, have resulted in 
accurate cancer localization and allow image-guided sampling to over- 
come the limitations of traditional biopsy 
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Table 2.3 Multiparametric-magnetic resonance imaging (mp-MRI) for prostate cancer diagnosis and management 


Definition 


Approach 
and technique 


Clinical uses 
of mp-MRI 


Impact on 
pathologic 
diagnosis 


Advantages 


An imaging modality that uses a multiparametric approach, which includes anatomic sequences and at least two functional 
sequences. The most important anatomic sequence is a high-resolution T2-weighted (T2W) sequence. The main functional 
sequences used in clinical practice are diffusion-weighted imaging (DWI), dynamic contrast-enhanced imaging (DCEI), and 
magnetic resonance spectroscopy imaging (MRSI) 

Images are obtained at 1.5 T using an endorectal coil or at 3 T with or without an endorectal coil. Timing of MRI after biopsy is 
important and a delay of 6 weeks after TRUS biopsy is recommended to reduce artifacts from hemorrhage 

T2-weighted imaging: High-resolution T2W imaging is used for lesion detection, localization, and staging of prostate cancer. It 
is based on assessment of water content of tissue. Prostate cancer is typically seen on T2W images as an area of low signal; this 
finding though can be nonspecific as prostatitis, atrophy, PIN, scars, hemorrhage, and posttreatment can induce low signal. The 
main advantage is high resolution with superior anatomic detail and sharp demarcation of the prostate capsule. Cancer 
identification of T2WI may be limited in the transition zone, which does not contain a large amount of water 
Diffusion-weighted imaging (DWI): DWI is a functional sequence that is used to increase the specificity of mp-MRI. It 
measures the random Brownian motion of water molecules in tissue. The apparent diffusion coefficient (ADC) on MRI 
quantifies the restriction of water diffusion and is measured by acquiring at least two set of images with different magnetic field 
gradient durations and amplitudes (b value). Prostate cancer shows high signal intensity on DWI, and there is inverse 
correlation between quantitative ADC values and Gleason score. This modality is employed to detect central or transition zone 
tumor detection and for assessment of tumor aggressiveness. The main disadvantages of DWI are the lack of anatomic detail 
compared with T2W images and the magnetic susceptibility effects that can result in spatial distortion and signal loss 

Dynamic contrast-enhanced imaging (DCEI): Another functional sequence used that increases the sensitivity of mp-MRI for 
the prostate cancer detection. DCEI has a high sensitivity for clinically significant prostate cancer and is used especially when 
evaluating the prostate bed for recurrent disease. The major disadvantages of DCEI are long acquisition time and the lack of 
specificity as normal prostate tissue, BPH, and prostatitis may all show enhancements on DCE images 

MR spectroscopic imaging (MRSI): MRSI is a functional sequence that is performed with a three-dimensional chemical shift 
imaging technique. The goal of MRSI is to show lower levels of citrate and higher levels of choline in prostate cancer 
compared with benign prostate tissue. MRSI is typically utilized to determine tumor aggressiveness. The technique needs more 
expertise and takes long acquisition time. It is the functional sequence most often excluded from mp-MRI in clinical practice 
Prostate imaging, reporting, and data system (PI-RADS) for standardized reporting and estimating the likelihood of malignancy: 
In an attempt to reduce subjectivity of interpretation, the European Society of Urogenital Radiology has developed a standardized 
reporting system. In the system, the prostate is divided into 36 regions for reporting (Fig. 2.3). The scoring system uses a 5-point 
scale to report the likelihood of a significant disease for each lesion (Fig. 2.4). The PI-RADS score correlates with the probability 
of malignancy. In addition, the likelihood of extraprostatic disease, seminal vesicle invasion, distal sphincter involvement, rectal 
wall involvement, neurovascular bundle infiltration, and bladder neck invasion is scored on a 5-point scale 

Detection of prostate cancer: Sensitivity for prostate cancer detection ranges from 74% to 82% and a specificity from 68% to 
88%. Negative predictive value ranges from 65% to 94%. Less sensitive for detection of Gleason 6 disease or small tumors 
<0.1 cm. In patients with prior negative-result systemic biopsy but persistent clinical suspicion for prostate cancer, mp-MRI 
detects missed tumors in up to 40% of cases, often anterior in location. Mp-MRI is frequently utilized in clinical practice as a 
triage test following a negative standard biopsy and thereby identifies patients with clinically insignificant disease who can 
avoid further biopsies 

Local staging in patients with biopsy-proven prostate cancer (Fig. 2.5) 

Targeted fusion biopsy: Mp-MRI TRUS fusion biopsy combines the high sensitivity of mp-MRI images with real-time TRUS 
biopsy to improve prostate cancer detection. It is utilized in the setting of initial biopsy of patients with suspicion of prostate 
cancer and in those with a prior negative-result biopsy (Fig. 2.6). Targeted biopsy using this technique has been shown to 
diagnose 30% more high-risk cancers vs. standard extended sextant biopsy 

Active surveillance: Assess prostate cancer aggressiveness and identify anteriorly located tumors before and during active 
surveillance. Patients on active surveillance with a suspicious lesion can be targeted with fusion biopsy leading to preferential 
sampling of prostate cancer tissue. Risk of biologically significant disease in patients with a negative mp-MRI result is low 
enough to justify deferring definitive treatment without biopsy 

Evaluation of the pelvis after biochemical recurrence 

Detects more intermediate-/high-risk cancer using fewer biopsy cores 

Reduces over-detection of low-risk cancer 

More accurate assessment of grade and volume 

Predicts better the whole gland pathology 

Reduces number of unnecessary biopsies, which in turn could prevent overdiagnosis and overtreatment of prostate cancer 

It also has potential to decrease the number of missed clinically significant cancers 
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Fig. 2.3 Standardized sector map for 


anatomical localization of prostate 
lesions detected on mp-MRI. For 
anatomical localization of prostate 
lesions, PI-RADS system utilizes a 
standardized sector map that defines 
regions of the prostate. This sector map is 
based on the zonal anatomy of the 
prostate and defines 36 sectors 
corresponding with the prostate, 2 
corresponding with the seminal vesicles, 
and 1 corresponding to with the external 
urethral sphincter. AS: anterior 
fibromuscular stroma; CZ: central zone; 


US: urethral sphincter 


Fig. 2.4 Modified PI-RADS 
scoring system. Flowchart 
showing the standardized 
PI-RADS assessment and 
reporting system developed 
by the European Association 
of Urogenital Radiologists. 
DCE: dynamic contrast- 
enhanced MR imaging; 
T2-WI: T2-weighted MR 
imaging; DWI: diffusion- 
weighted imaging; ADC: 
apparent diffusion coefficient 


Urethra 


Transition zone 


Abnormality location 


Peripheral zone 
DWI/ADC 


PI-RADS 
assessment category 
PI-RADS 1 - very low 
(clinically significant cancer is highly unlikely) 


PI-RADS 2 - low 
(clinically significant cancer is unlikely) 


PI-RADS 3 - intermediate 
(clinically significant cancer is equivocal) 


PI-RADS 4 - high 
(clinically significant cancer is likely) 
PI-RADS 5 very high 
(clinically significant cancer is highly likely) 
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Fig. 2.5 A 56-year-old man with PSA of 5 ng/mL had systematic core 
needle biopsy revealing multifocal left-sided Grade group 4 prostate 
cancer. Multiparametric MRI for preoperative staging revealed a large 
(2.3 cm) infiltrative and poorly circumscribed mass centered at the left 
mid-gland peripheral zone which is hypointense on T2-weighted 
images (a), hyperintense on high b-value diffusion-weighted images 
(b) and hypointense on apparent diffusion coefficient map image (c, 


i.e., denoting marked restricted diffusion), as well as early and focal 
hyperenhancement on dynamic contrast-enhanced images (d, red 
areas). This lesion fulfilled criteria for being assigned a score of 5 
according to the PI-RADS version 2. Note the good correlation with the 
whole-mount histopathology which revealed Grade group 5 prostate 
cancer (e). (Courtesy of Dr. Daniel Costa, The University of Texas 
Southwestern Medical Center, Dallas, TX) 
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Fig. 2.6 An algorithm outlining indications 
and process of obtaining mp-MRI-guided and 
TRUS fusion prostate biopsy for prostate 
cancer diagnosis and management. Mp-MRI, 
multiparametric-magnetic resonance imaging; 
TRUS, transrectal ultrasound 
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Check for 
updates 


Diagnosis of Limited Cancer in Prostate 


Biopsy 


In the last decade there has been significant shift in the objec- 
tives of prostate cancer screening, diagnosis and manage- 
ment, from diagnosing and treating all cancers to clinically 
significant ones. New and recently emerged tools such as 
magnetic resonance imaging (MRI) and molecular and 
genomic tests are potentially useful in distinguishing life- 
threatening from low-risk, indolent tumors. However, cur- 
rently there are no tests that are 100% accurate in predicting 
which patients may have clinically significant disease. 
Prostate needle biopsy is still the gold standard to establish a 
cancer diagnosis and pathologists still need to evaluate pros- 
tate biopsies with due diligence and diagnose all cancers that 
meet the accepted diagnostic criteria. 

Diagnosis of cancer in prostate biopsy is often challeng- 
ing, especially when the cancer focus is minute. There are 
two main issues: (1) recognition of limited cancer to avoid 
underdiagnosis (false-negative), and (2) recognition of 
benign mimics of prostate cancer to avoid overdiagnosis 
(false-positive). Diagnosis of cancer in prostate needle 
biopsy requires a methodical approach using a constellation 
of architectural and cytological features of cancer glands and 
sometimes also requires ancillary immunohistochemistry [1, 
2]. However, no two pathologists have the same threshold for 
diagnosing limited cancer in biopsy, and even one’s own 
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threshold changes with time and experience. It is therefore 
expected that pathologists may not always agree upon a diag- 
nosis in some borderline cases. It is critical, however, to rec- 
ognize these cases as being atypical and suspicious for 
cancer so that further workup will ensue. In this sense, the 
most critical issue in prostate biopsy interpretation is to iden- 
tify prostate glands that are morphologically atypical and 
suspicious for cancer. 


3.1 General Approach to Prostate Needle 


Biopsy Evaluation 


Table 3.1 General approach to prostate needle biopsy evaluation 


Use benign glands as reference, and study their low-power 
architectural features and high-power cytological features 
(cytoplasmic characteristics, nuclear size and morphology, and 
nucleolar prominence in secretory and basal cells) 

Scan biopsy cores to look for glands that appear different from and 
do not fit in with benign glands 

Evaluate low-power architectural features and high-power 
cytological features of atypical glands 

Cancer diagnosis is made based on hematoxylin-eosin stain (H&E) 
examination; use ancillary immunohistochemistry prudently to 
support H&E impression 
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3.2 Histological Features Considered 
Specific for and Diagnostic of Cancer 


Table 3.2 Histological features considered specific for and diagnostic 
of cancer 


Three features have not, to date, been reported in benign glands and 
are considered specific for prostate cancer [3]: 

Mucinous fibroplasia (collagenous micronodules) 

Glomerulation 

Perineural invasion 
Cancer diagnosis can be rendered when one of the three features is 
present in biopsy 
Prudent to confirm the cancer diagnosis with basal cell marker 
immunostains when the focus is small and does not have other 
cancer-associated features 


Table 3.3 Histological features specific for prostate cancer Fig. 3.2 Glomerulation: histological feature specific for prostate can- 
Gleason Incidence cer. It results from the intraluminal proliferation of cancer cells that 
Features Histology grade in biopsy forms balls or tufts within cancer glands, superficially resembling renal 
Mucinous  Acellular or Basedonthe 1-2%[4] glomeruli 
fibroplasia hypocellular architecture of 
(collagenous hyalinized stroma the glandular 
micronodules) within or outside component, 
(Fig. 3.1) cancer glands pattern 3 or 4 
Glomeration Balls or tufts of cancer Pattern 4 3-15% [5] 
(Fig. 3.2) cells within glands, 
superficially 
resembling renal 
glomeruli 
Perineural Tight circumferential Based on the 22% [6] 
invasion or near circumferential glandular 
(Fig. 3.3) encircling of a nerve component, 


fiber by cancer glands pattern 3 or 4 


Fig. 3.3 Perineural invasion: histological feature specific for prostate 
cancer. It is defined as tight circumferential or near circumferential 
encircling of a nerve fiber by cancer glands. It should be distinguished 
from perineural abutment by benign glands (see Fig. 1.20) 


Fig. 3.1 Mucinous fibroplasia (collagenous micronodules): histologi- 
cal feature specific for prostate cancer. It is acellular or hypocellular 
hyalinized stroma within or outside cancer glands (arrows) and results 
from hyalinization of extravasated mucin 
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3.3 Major and Minor Diagnostic Features 


of Prostate Cancer in Biopsy 


In the majority of prostate biopsies, the diagnosis of cancer 
relies on histological features other than cancer specific fea- 
tures (mucinous fibroplasia, glomerulation, and perineural 
invasion). These features are categorized as major and minor 
features according to how strongly they are associated with 
cancer [7, 8]. All the major features should be found in 
cancer. 


Table 3.4 Major and minor diagnostic features of prostate cancer in 
biopsy 

Major diagnostic features (strongly associated with cancer and 
rarely seen in non-cancer lesions) 

Abnormal architectural Infiltrative growth (Fig. 3.4) 

pattern [7, 8] Crowded glands (Fig. 3.5) 
Haphazardly arranged glands without 
accompanying benign glands (Fig. 3.6) 
Linear arrangement of small glands 
across the width of the biopsy core 
(Fig. 3.7) 
Large cribriform glands with irregular 
contour (Fig. 3.8) 

Single or cords of atypical cells 

(Fig. 3.9) 

Solid nests with or without comedo 
necrosis (Fig. 3.10) 

Can be confirmed by basal cell marker 
immunohistochemistry (Figs. 3.11, 
3.12, and 3.13) 

Nuclear enlargement (Fig. 3.14) 
Prominent nucleoli (Fig. 3.15) 
Hyperchromasia (Fig. 3.16) 
Minor diagnostic features (less strongly associated with cancer, 
may also be seen in non-cancer lesions) 

Cytoplasm Cytoplasmic amphophilia (dark 
cytoplasm) (Fig. 3.17) [14] 
Amorphous secretion (Fig. 3.18) [14] 
Blue mucin (Fig. 3.19) [15] 
Crystalloids (Fig. 3.20) [16, 17] 
More common in prostate cancer 
(Fig. 3.21) [11, 18] 
Extensive clefting more specific for 


Absence of basal cells 
[7, 8] 


Nuclear atypia [11-13] 


Intraluminal contents 


Mitosis and apoptosis 


Periacinar retraction 


clefting cancer, but infrequently seen (Fig. 3.22) 
[19] 

Adjacent high-grade Cancer often associated with HGPIN 

prostatic intraepithelial (Fig. 3.23) 


neoplasia (HGPIN) 
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Fig. 3.4 Abnormal architectural pattern — infiltrative growth. This is the 
most characteristic growth pattern for prostate cancer, with cancer 
glands situated between and on both sides of the larger and paler benign 
glands. This growth pattern is indicative of invasion. The cancer glands 
are typically small with rigid round lumens as opposed to large benign 
glands with undulating luminal borders. Prostate cancer invariably 
exhibits some forms of abnormal architectural features when compared 
with the adjacent benign glands (see Table 3.4). Some of the architec- 
tural features, such as infiltrative growth, large cribriform glands with 
infiltrative border, and solid nests, are almost specific for cancer, whereas 
other features, such as crowded growth, are less strongly associated with 
cancer and may also be found in non-cancer lesions 


Fig. 3.5 Abnormal architectural pattern — crowded glands. Cancer 
glands are closely packed and more crowded than the adjacent benign 
glands and may be circumscribed without an infiltrative pattern. The 
presence of a focus of crowded glands should raise a suspicion for can- 
cer. However, such growth pattern may also be seen in adenosis (atypi- 
cal adenomatous hyperplasia), which should always be considered and 
ruled out before a cancer diagnosis is rendered 
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Fig. 3.6 Abnormal architectural pattern — haphazardly arranged glands 
without accompanying benign glands. The cancer glands grow in a hap- 
hazard fashion and dissect stroma and muscle bundles without accom- 
panying benign glands 


Fig. 3.8 Abnormal architectural pattern — irregular cribriform struc- 
ture. Cancer glands demonstrate large cribriform architecture with 
irregular and infiltrative borders 


Fig. 3.7 Abnormal architectural pattern — linear arrangement of small 
glands across the width of the biopsy core 


Fig. 3.9 Abnormal architectural pattern — single or cords of atypical 
cells. Single cancer cells infiltrate in the stroma. They also form short 
cords 
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Fig. 3.10 Abnormal architectural pattern — solid nests. Cancer 
cells form solid nests without discernible lumens 


Fig. 3.11 Major diagnostic feature 2: absence of basal cells. Cancer glands are devoid of basal cells on H&E examination (a), which is confirmed 
by immunostain for basal cell marker p63 (b) 


Fig. 3.12 Crushed cancer cells mimicking basal cells. Crushed cancer stromal fibroblasts or crushed cancer cells on H&E examination [9, 10]. 
cells appear hyperchromatic (arrows) and different from other cancer It is prudent to perform basal cell immunostains, p63 in this case, to 
cells and therefore may be mistaken for basal cells (a). Basal cells can confirm the absence of basal cells (b) 

assume a range of appearances and may be difficult to distinguish from 
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Fig. 3.13 Partial atrophy with patchy basal cells. Basal cells are not 
always present in all benign glands, such as partial atrophy (a). Basal 
cell immunostain for p63 demonstrates focal staining in some glands 
and complete absence of staining in other glands (b). However, glands 


Fig. 3.14 Major diagnostic feature 3: nuclear atypia — nuclear enlarge- 
ment. Compared with the adjacent benign glands (lower right of the 
image) as reference, the cancer cells have significantly enlarged nuclei 


with and without basal cell lining have identical cytological features. 
Other non-cancerous lesions that often demonstrate patchy or absent 
basal cells include adenosis and HGPIN 


Fig. 3.15 Major histological feature 3: nuclear atypia — prominent 
nucleoli. Compared with the adjacent benign glands, the cancer cells 
have prominent nucleoli (a). However, nucleolar prominence depends 
on the several tissue processing factors, including fixation, tissue sec- 
tion thickness, and staining protocols. Alcohol-based fixatives often 
obscure the nuclear detail with blurred chromatin and inconspicuous 
nucleoli (b), whereas Hollandes fixative enhances nucleoli with visible 
nucleoli even in basal cells of benign glands (c) 
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Fig. 3.17 Minor diagnostic feature 1: amphophilic cytoplasm. 
z mr sS Compared with benign glands with clear cytoplasm, cancer glands 
4 Ze S <a +, j. cu K NE wg Y ¥3 often have amphophilic, or dark, cytoplasm. This feature can be appre- 
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Fig. 3.18 Minor diagnostic feature 2: amorphous intraluminal secre- 
tion. Cancer glands have eosinophilic amorphous material within their 
lumens. They are more common in cancer but can also be found in 
some benign lesions 


Fig. 3.16 Major histological feature 3: nuclear atypia — hyperchroma- 
sia. Compared to the adjacent benign glands, cancer cells may have 
larger hyperchromatic and pleomorphic nuclei (arrows) 
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Fig. 3.19 Minor diagnostic feature 3: blue mucin. Cancer glands have 
blue-tinged wisps of mucin, often together with dense pink secretion, 
within their lumens. They are more common in cancer but can also be 
found in some benign lesions. Blue mucin depends on the H&E staining 
of the tissue section. If the tissue section is overstained, with rectal 
mucosa that is present in prostate biopsies stained intensely blue, one 
should be cautious about the diagnostic utility of blue mucin 


Fig. 3.20 Minor diagnostic feature 4: crystalloids. Dense eosinophilic 
crystalloid structures that assume various shapes such as rhomboid and 
needle are in the lumens of the cancer glands. They are more common 
in cancer but can also be found in some benign lesions 


Fig. 3.21 Minor diagnostic feature 5: mitosis and apoptosis. A mitotic figure (arrow, a) and apoptotic bodies (arrows, b) are found in cancer 
glands. Mitosis and apoptosis are more common in cancer cells 
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3.4 Benign Conditions That Cause 
Architectural and Cytological Atypia 


Some benign processes may cause architectural and cyto- 
logical atypia that is commonly seen in cancer. Each of these 
benign processes should be considered and ruled out before 
a cancer diagnosis is rendered (see also Chap. 7) 


Table 3.5 Benign conditions that cause architectural and cytological 
atypia 


Benign process _ Atypical histological features 
Inflammation Small, crowded, or cribriform glands 
(Fig. 3.24) Significant nucleoli 


Atrophy (Fig. 3.25) | Haphazard and disorganized pattern, poorly 
formed glands, mild nuclear enlargement, 
and small nucleoli [20] 


Fig. 3.22 Minor diagnostic feature 6: periacinar retraction clefting. Adenosis (atypical Crowded glands [21, 22] 


Clear space completely or near completely surrounds cancer glands. It 


adenomatous 

is an infrequent finding in biopsies. Extensive clefting is, however, hyperplasia) 

more specific for cancer [19] (Fig. 3.26) 
HGPIN with adjacent A few atypical glands immediately adjacent 
small focus of to larger HGPIN glands (uncertain whether 
atypical glands atypical glands represent microinvasive 
(Eie 232) cancer or tangential sectioning and/or 


outpouching of HGPIN glands) [23] 


Fig. 3.23 Minor diagnostic feature 6: cancer associated with HGPIN. 
Cancer glands (arrowheads) often intermingle with HGPIN glands 
(arrows). The presence of HGPIN should alert pathologists to look for 
cancer in the biopsy 


Fig. 3.24 Benign prostate glands with exuberant inflammation. The 
epithelial cells exhibit significant cytological atypia, including nuclear 
enlargement and small nucleoli. Cancer glands, however, can also be 
inflamed. Therefore, a cancer diagnosis should be made with caution 
when there is significant inflammation 
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Fig. 3.26 Adenosis. Circumscribed, lobular collection of 
glands with variable sizes. Some glands are clearly benign 
with large irregular contour and undulating luminal borders. 
Smaller glands with rigid lumens are worrisome, but they are 
identical to larger benign glands cytologically 


Fig. 3.27 HGPIN with adjacent small focus of atypical glands glands. Such a distinction may be made based on the number of the 
(PINATYP). A few atypical glands (arrow) lie immediately adjacent to atypical glands and their distance to the adjacent HGPIN glands. If the 
larger HGPIN glands (a) and are negative for basal cell marker p63 (b). atypical glands are more than a few and not immediately adjacent to the 
Note the HGPIN glands are scarcely positive for p63. It is uncertain HGPIN glands, they are unlikely the result of tangential sectioning and/ 
whether the small atypical glands represent a micro-focus of invasive or outpouching of HGPIN glands (see Chap. 10) 

cancer or tangential sectioning off and/or outpouching from the HGPIN 
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3.5 Quantitative Threshold 
for Diagnosing Limited Cancer 


in Biopsy 


Table 3.6 Quantitative threshold for diagnosing limited cancer in biopsy 


Depending on the architectural and cytological atypia: more atypia, fewer 
glands are required to make a cancer diagnosis (Fig. 3.28) [4, 14, 24] 
Most expert urological pathologists require at least three cancer 
glands to make a definitive diagnosis; more if there is no full-blown 
cancer-associated architectural and cytological features (Fig. 3.29) [7] 


Fig. 3.28 Prostate cancer with subtle architectural and cytological 
atypia. In this case, the cancer glands display crowded growth pattern 
(a). The cancer cells have minimum nuclear enlargement and incon- 
spicuous nucleoli (b). Adenosis should be considered in the differential 
diagnosis. This focus is negative for basal cell marker p63 (c). The can- 
cer diagnosis in such cases requires a substantial number of cancer 
glands and ancillary immunohistochemistry 
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Fig. 3.29 Limited prostate cancer. There are only five cancer glands 
present in one needle core. However, they display infiltrative growth 
pattern (a) and significant nuclear enlargement and hyperchromasia (b). 
These atypical glands are not inflamed or atrophic. These glands are 
negative for p63 (c). Ancillary immunostains are required to support a 
cancer diagnosis in such cases 
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3.6 Histological Features for and against 
Cancer Diagnosis in Biopsy 


Table 3.7 Histological features favoring and against cancer diagnosis 


in biopsy 
Favoring cancer 
Architectural pattern 
Infiltrative growth pattern 


Glands with relatively uniform 
appearance 


Small glands with rigid lumens 
Periacinar retraction clefting 


Nuclear features 
Enlargement 


Prominent nucleoli 
Hyperchromasia 

Mitosis and apoptosis 
Cytoplasmic features 
Amphophilic (dark) cytoplasm 


Intraluminal contents 

Blue mucin 

Amorphous secretion 
Crystalloids 

Stroma 

Desmoplasia and hemorrhage 
Unaltered stroma 

Adjacent HGPIN 


Against cancer 


Lobulated pattern 
Small and large glands 
intermingle without 
cytological difference 
Large glands with 
branching and papillary 
infolding 


Nuclear atypia in the 
background of inflammation 
Random nuclear atypia 


Pale-clear cytoplasm 
Atrophy 
Lipofuscin pigment 


Corpora amylacea 


Calcification 


Hyalinized stroma 
Cellular spindle cell stroma 


Atypical glands are more than just a A few atypical glands in 
few in number or distant from HGPIN close proximity to large 
glands; same immunostain patterns HGPIN glands; discrepant 
(basal cell markers, AMACR) immunostain pattern 


Modified from Epstein and Netto [25] 
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3.7 A Practical Approach to Diagnosis 
of Limited Cancer in Needle Biopsy 


Table 3.8 A practical approach to prostate needle biopsy 


Use benign glands as reference and evaluate the architectural and 
cytological features of atypical glands (see Table 3.4) 
A definitive cancer diagnosis can only be established when all three 
criteria are met: 

1. Glands exhibiting major and/or minor architectural atypia 

2. Glands exhibiting nuclear atypia 

3. Benign processes that may cause architectural and nuclear 

atypia are carefully considered and ruled out (Fig. 3.30) 


+ 
+ 


All three 
present 


Any one 
absent 


Fig. 3.30 A practical approach to the diagnosis of limited cancer in 
prostate biopsy. When evaluating atypical prostate glands, one should 
look for glands with atypical architectural and cytological features and 
consider and rule out benign conditions that may cause such architec- 
tural and cytological atypia. A cancer diagnosis can be rendered only if 
all three criteria are satisfied. If any of these three criteria is missing, 
one should be very cautious about making a cancer diagnosis. Additional 
studies should be performed to clarify the diagnosis. ATYP atypical 
glands suspicious for cancer, JHC immunohistochemistry, PCa 
prostate cancer 
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Check for 
updates 


Immunohistochemistry in Prostate 


Biopsy Evaluation 


Immunohistochemistry is widely used in the work-up of 
difficult prostate biopsies [1, 2]. It is used principally in 
two clinical settings: to distinguish prostate cancer from 
benign lesions that mimic cancer, and to distinguish 
poorly differentiated prostate cancer from other malignant 
tumors that can occasionally involve the prostate, includ- 
ing urothelial carcinoma and colonic adenocarcinoma 
(Table 4.1). Immunohistochemistry, as an adjunct to his- 
tological examination, has had significant impact on the 
prostate biopsy evaluation. In the case of limited cancer or 
histological variants with deceptively bland morphology, 
immunohistochemistry is an indispensable part of the 
work-up [2]. Use of immunohistochemistry has also sig- 
nificantly reduced the incidence of prostate biopsies with 
atypical diagnosis to establish a definitive diagnosis [4— 
6]. Many immunohistochemical biomarkers have been 
investigated for prognostic purposes and risk stratifica- 
tion; however, none has been sufficiently validated for 
routine clinical use. 
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4.1 Commonly Used 


Immunohistochemical Markers 
for Diagnosis of Prostate Cancer 
in Biopsy 


Table 4.1 Commonly used immunohistochemical markers for diagno- 
sis of prostate cancer in biopsy 


Markers to distinguish prostate carcinoma from its benign 
mimics 
Basal cell markers 
High molecular weight cytokeratin (HMWCK) 
p63/p40 
Prostate cancer markers 
a-Methyl-CoA-racemase (AMACR, P504S) 
ERG 
Markers to distinguish prostate carcinoma from nonprostatic 
malignancy secondarily involving prostate [3] 
Cytokeratins 
Cytokeratin 7 
Cytokeratin 20 
Prostate basal cell markers 
HMWCK 
p63/p40 
Prostate-specific markers 
Prostate-specific antigen (PSA) 
Prostate-specific acid phosphatase (PSAP) 
Prostate-specific membrane antigen (PSMA) 
Prostein (P501S) 
NKX3.1 
Other tissue lineage-specific lineage markers 
TTF-1 
CDX-2 
GATA-3 
PAX8 
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4.2 Basal Cell Markers 


Table 4.2 Basal cell markers commonly used in prostate biopsy 
work-up 


Types of basal cell markers 

HMWCK: cytoplasmic intermediate filaments detected by several 
antibody preparations (34BE12, CK5/6, CK14) (Fig. 4.1) 

p63, p40 (an isoform of p63): nuclear antigen (see Fig. 4.1) 

Basal cell cocktail (34BE12+ p63) (see Fig. 4.1) 

Staining pattern in prostate cancer 

Prostate carcinoma lacks staining for basal cell markers (Fig. 4.2) 
HMWCK may rarely be positive in cancer cells, but not in basal cell 
distribution, due to excessive antigen retrieval and staining (Fig. 4.3) 
p63 can rarely be found in cancer cells with uniform and non-basal 
cell distribution (p63-positive PCa) (Fig. 4.4) 

Diagnostic utility 

A negative basal cell marker staining in atypical glands 
morphologically suspicious for cancer supports a cancer diagnosis 
(Fig. 4.5) 

Pitfalls 

Adenosis, partial atrophy, high-grade prostatic intraepithelial 
neoplasia (HGPIN) may have discontinuous or even absent basal cell 
lining (see Fig. 4.11) 


4 Immunohistochemistry in Prostate Biopsy Evaluation 


Fig. 4.1 Immunostains for basal cell markers in benign prostate 
glands, including HMWCK/34BE12 (a), p63 (b), and basal cell cocktail 
(34BE12 and p63) (c). The specificity of these basal cell markers is 
similar. However, the sensitivity for detecting basal cells varies, highest 
with basal cell cocktail and less with p63 and 34BE12, especially in 
transurethral resection specimens with significant cautery artifact 
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Fig. 4.2 Prostate cancer lacks basal cell marker HMWCK (a) and p63 immunoreactivity with increased fixation time [10]. It is therefore 
(b). The basal cell marker immunoreactivity is affected by tissue fixa- important to use benign glands that are adjacent to the cancer glands as 


tion and staining protocols. For example, HMWCK antigenicity is the internal positive control 
affected by the duration of formalin fixation with progressive loss of 


Fig. 4.3 Aberrant HMWCK staining in cancer glands. Cancer glands plasmic staining in the secretory cells in addition to strong staining in 
(a) have weak cytoplasmic staining (b) but not in a basal cell distribu- basal cells (d). Such aberrant staining is due to excessive antigen 
tion. Benign glands in the same biopsy core (c) also have weak cyto- retrieval and staining 
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Fig. 4.4 p63-positive prostate cancer. The cancer glands infiltrate 
between benign prostate glands (a). They are lined with stratified can- 
cer cells, and some have poorly formed lumens. The nucleoli are promi- 
nent (b). All the cancer glands are negative for HMWCK (34BE12) (e), 
but uniformly positive for p63 (d). Rather than being in basal cell dis- 


tribution, the staining is found in all the cancer cells. Prostate cancer 
positive for p63 is exceedingly rare [11] and probably represents a form 
of prostate cancer with partial basal-like immunophenotype, molecu- 
larly different from the usual acinar cancers [12] 


Fig. 4.5 Negative basal cell marker staining supports a cancer diagno- 
sis. This biopsy contains many small crowded glands that exhibit infil- 
trative growth (a). Evaluation of the cytological features of these glands 
is hampered by the thick tissue sections (b). Without further work-up, 


the diagnosis would be atypical glands suspicious for cancer. By immu- 
nohistochemistry, the atypical glands are negative for basal cell marker 
p63 (c). The final diagnosis is cancer 


4.3 Alpha-Methylacyl-COA-Racemase 


Fig. 4.5 (continued) 


4.3  Alpha-Methylacyl-CoA-Racemase 


(AMACR) 


Table 4.3 «-Methylacyl-CoA-Racemase (AMACR, P504S) 


Staining pattern in prostate cancer 

Apical cytoplasmic granular staining (Fig. 4.6) 

Diagnostic utility 

1. Positive AMACR staining in atypical glands morphologically 
suspicious for cancer supports a cancer diagnosis 

2. Positive AMACR may convert an ATYP to cancer diagnosis where 
morphology is suspicious for but not sufficiently diagnostic of 
cancer and basal cell markers are negative (Fig. 4.7) [6, 14] 

Pitfalls 

Staining intensity often heterogeneous in cancer glands (Fig. 4.8) [6] 
Positive in 80% of prostate carcinomas diagnosed on needle biopsy 
[15-17] 

Lower positive rate in several prostate carcinoma histologic variants 
(foamy gland, atrophic, and pseudohyperplastic) (Fig. 4.9) [13] 
Positive in 91% of irradiated prostate carcinomas [18]; expression 
reduced in hormone-deprived cancer (Fig. 4.10) [19] 

Also positive in >90% HGPIN, 20% adenosis, some partial atrophy, 
occasional morphologically benign glands 

Also expressed in nonprostatic tumors (urothelial carcinoma, colon 
cancer, papillary renal cell carcinoma) [20], nephrogenic adenoma 
(Fig. 4.11) [21-24] 
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Fig. 4.6 Expression of AMACR appears as granular staining predomi- 
nantly in the apical portion of cancer glands (a). An adjacent benign 
gland is also focally and weakly positive for AMACR (a). Benign glands 
are not infrequently positive for AMACR staining, which is typically 
focal and weak. This emphasizes the importance of using the adjacent 
benign glands as reference when evaluating AMACR staining. Positive 
AMACR staining is defined as being significantly stronger in cancer 
glands than that in adjacent benign glands [13]. For example, a prostate 
cancer (arrows) with strong and circumferential AMACR staining will 
be considered negative if adjacent benign glands (asterisks) have similar 
strong and circumferential staining (b). In contrast, a prostate cancer 
(arrows) with weak apical staining is considered positive for AMACR 
when the adjacent benign glands (asterisks) are completely negative (c) 


4 Immunohistochemistry in Prostate Biopsy Evaluation 


Fig. 4.7 Positive AMACR staining converts an ATYP to cancer diag- 
nosis. A needle biopsy contains a small focus of atypical glands with 
architectural atypia but minimal cytological atypia (a). These glands are 
negative for basal cell marker K903 (b). These glands are highly suspi- 
cious for but not diagnostic of cancer due to lack of nuclear atypia. 
These glands are strongly positive for AMACR (c). A cancer diagnosis 
was established based on the morphological features, negative basal 
cell marker, and positive AMACR staining 


Fig. 4.8 Heterogeneous AMACR staining in cancer glands. The stain- 
ing is strong in some cancer glands and weak or negative in others. This 
staining pattern is typical in prostate cancer and accounts for an 80% 
AMACR positive rate in prostate cancer detected in needle biopsy 
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Fig. 4.9 Weak AMACR staining in foamy gland carcinoma. The typi- 
cal acinar cancer glands are strongly positive for AMACR expression, 
while foamy gland cancer (arrow) is only weakly positive 
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Fig. 4.10 Prostate cancer after radiation treatment. The cancer glands irregular contour, stratified, and scattered hyperchromatic nuclei. The 
are small and atrophic with foamy cytoplasm after radiation (a). Also cancer glands are positive for AMACR but negative for basal cell 
note the adjacent benign gland (right lower corner) is large and has marker p63 on a double staining for AMACR and p63 (b) 


Fig. 4.11 AMACR expression in adenosis. The biopsy contains a oli (b). The basal cell staining HMWCK is positive in a patchy fashion 
well-circumscribed focus of closely packed small and large glands (a), (c). These glands are focally positive for AMACR (d) 
whose cells have slight nuclear enlargement and inconspicuous nucle- 
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4.4 ERG Protein 


Table 4.4 ERG protein 


Genetics 

ERG is a member of the ETS gene family, which is commonly 
involved by chromosomal translocation in prostate cancer [25, 26] 
Staining pattern 

Nuclear staining 

ERG immunostaining correlates highly with ERG gene alteration [27, 28] 
Endothelial cells are strongly positive for ERG and serve as the 
positive internal control 

Diagnostic utility 

Positive staining supports cancer diagnosis but lack of staining does 
not rule out cancer 

Positive ERG staining in ATYP glands, where the diagnosis of 
HGPIN is excluded, supports a cancer diagnosis [29] 

Positive staining is exceedingly rare in non-cancer glands distant 
from prostate carcinoma [27] 

Pitfalls 

Positive in 40-50% of prostate carcinomas 

Positive in 20% of HGPIN that intermingles with ERG-positive 
prostate carcinoma (Figs. 4.12 and 4.13) [25, 26, 30] 


Fig.4.12 Prostate biopsy with cancer stained with an antibody cocktail 
for both basal cell marker p63 (brown nuclear staining) and ERG (red 
nuclear staining). Cancer glands are positive for ERG and negative for 
p63, whereas benign glands are positive for p63 and negative for ERG 


Fig. 4.13 ERG protein expression in prostate cancer and high-grade 
PIN. Prostate biopsy contains an HGPIN gland (right upper corner) 
that is adjacent to the cancer glands (/eft lower corner). The cancer 
glands and part of HGPIN glands are positive for ERG 


4 Immunohistochemistry in Prostate Biopsy Evaluation 


4.5 Antibody Cocktails 


Table 4.5 Combination of AMACR and basal cell markers 


Types 

Contains AMACR and basal cell marker (HMWCK and/or p63) 
antibodies in the same staining (Fig. 4.14) [12, 31] 

Staining pattern 

Staining sensitivity and specificity similar to each antibody used 
separately 

Diagnostic utility 

Useful on prostate biopsy with limited amount of cancer 

Allows simultaneous evaluation of basal cell marker and AMACR in 
the same small focus of cancer/atypical glands 


Fig. 4.14 Prostate biopsy containing cancer stained with a cocktail of 
AMACR and basal cell markers (HMWCK and p63). The cancer glands 
are positive for AMACR (red signal) and negative for basal cell markers 
(brown signal), whereas a high grade PIN gland is positive for both 
AMACR and basal cell markers. Several different preparations with 
antibodies against basal cell markers (HMWCK, p63, or both) and 
AMACR are commercially available. Immunostains with such antibody 
cocktails allow simultaneous evaluation of basal cell markers and 
AMACR on the same tissue section and therefore provide an excellent 
definition of the nature of atypical glands. Antibody cocktails are 
extremely useful for prostate biopsies with minute focus of cancer that 
may be present on only one or two sections 
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4.6 Differential Diagnosis of Prostate 
Cancer by Immunohistochemistry 


Table 4.6 Differential diagnosis of prostate cancer by immunohistochemistry 


Basal cell Prostate-specific 
Diagnosis Pancytokeratin marker AMACR markers Other marker(s) 
Prostate carcinoma + = n a 
Prostate carcinoma with treatment effect + = +(may be + (may be reduced) 
reduced) 
Normal prostate/ Seminal vesicle- F + - - Pax 8+, MUC6+ 
nonprostatic ejaculatory duct 
structures epithelium 
Verumontanum mucosal t + = + 
gland hyperplasia 
Cowper’s glands + + — —, variable prostate- Mucicarmine, 
specific antigen PAS-D, Alcian blue 
staining + 
Paraganglia — — — — Neuroendocrine 
markers + 
Mesonephric remnants + Variable — — PAX8+ 
Benign prostatic Partial atrophy ct: Variable Variable + 
lesion Postatrophic hyperplasia + a = a 
Urothelial metaplasia + + — — 
Squamous metaplasia + + = m 
Basal cell hyperplasia + + — Variable 
Adenosis + Variable Variable + 
Sclerosing adenosis + + = + SMA and S100+ 
Nonspecific = = = - CD68+ 
granulomatous prostatitis 
Benign prostatic + + — + 
hyperplasia 
HGPIN + Variable + + 
Intraductal carcinoma of the prostate (Fig. 4.15) + +in + + ERG+ and PTEN- 
residual 
basal cells 


“+” indicates positive; “—” indicates negative 


Fig. 4.15 Intraductal carcinoma of the prostate (IDC) (a) showing 75% of IDC [32]. Loss of cytoplasmic PTEN protein is found in 84% 
retained basal cells (b), loss of PTEN (c), and expression of ERG pro- of intraductal carcinomas [33]. Therefore, ERG and PTEN status may 
tein (d). Adjacent benign glands (arrows) retain PTEN protein expres- help distinguish IDC from its mimickers including HGPIN 

sion and are negative for ERG expression. ERG gene is rearranged in 
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Fig. 4.15 (continued) 


4.7 Immunohistochemical Markers 
for Prognosis and Risk Stratification 


Many tumor markers have been investigated for their utility in 
prognostic prediction and risk stratification for disease man- 
agement, including increased Ki67, loss of PTEN, loss of 
NKX3.1, abnormal expression of p53, and c-MYC amplifica- 
tion. However, none has been validated for routine clinical use. 


4.8 Practical Guideline for Using 
Immunohistochemistry in Work-Up 
of Prostate Biopsies 


Table 4.7 Practical guideline for using immunohistochemistry in 
work-up of prostate biopsies 


Apply to selected cases in which the differential diagnosis includes 
prostatic carcinoma based on histologic evaluation 
Immunostains must be interpreted in the context of hematoxylin— 
eosin (H&E) stain morphology 
Clearly define benign and atypical glands on H&E slide 
Define the nature of atypical glands: “favor cancer” vs. “favor benign” 
Use immunostain results to corroborate the H&E impression 
Diagnosis should not be solely based on the immunostains 
If atypical glands are considered not diagnostic of cancer regardless 
of staining results, do not order immunostains (Fig. 4.16) 


Fig. 4.16 A prostate biopsy containing two small atypical glands. A 
definitive cancer diagnosis cannot be established even if these atypical 
glands are negative for basal cell markers and positive for AMACR. It 
is therefore diagnosed as “atypical gland suspicious for cancer” without 
performing immunostains 
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Contemporary Approach to Gleason 
Grading of Prostate Cancer 


Since its inception in 1966 by Dr. Donald Gleason, the 
Gleason grading system has remained a cornerstone in the 
diagnosis and management of prostate cancer. With wide- 
spread utilization of prostate-specific antigen (PSA) screen- 
ing, the diagnosis and management of prostate cancer have 
dramatically changed. Clinical outcomes have also drasti- 
cally changed over the past several decades. Furthermore, 
there is a better understanding of the morphological spec- 
trum of prostate cancer. All these changes have prompted 
two modifications and refinement of the original Gleason 
grading criteria and reporting for contemporary practice. The 
most significant changes were introduced in 2005 
International Society of Urologic Pathology Consensus 
Conference, and further modifications were recently intro- 
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duced in 2014. The resulting grading system has been termed 
as “modified Gleason grading system.” 

This chapter addresses several important definitional 
and operational changes to the original Gleason grading 
system in contemporary practice: rare utilization of Gleason 
patterns 1 and 2; the refinement of histological criteria for 
Gleason patterns 3 and 4; grading of unusual variant mor- 
phologies of prostate cancer; the significance of tertiary 
pattern 5; and recommendations for reporting in the setting 
of extended biopsy, reporting percentage pattern 4, and 
reporting in the setting of multifocal prostate cancers. 
Finally, the new grading system, which utilizes a novel 
method of grouping Gleason grades and its impact on out- 
comes, is also addressed. 
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Prostatic adenocarcinoma 
(Histologic grades) 


Fig. 5.1 Conventional Gleason grading system [1]. In 1966, Donald 
F. Gleason created the Gleason grading system based on low-power 
architectural features of prostate cancer. This system was originally 
based on a study of 270 patients and later expanded to include 1032 
men. Dr. Gleason made further refinements to the system in 1974 and 
1977. Using the architectural features, all tumors are put into one of 
the five patterns representing a continuum of progressively complex 
morphologies using low magnification at 4x and 10x objective. 
Another unique aspect of the system is that, rather than assigning the 
worst grade, a sum of the most prevalent and second-most prevalent 
pattern (Gleason score = primary + secondary pattern) is assigned to 
the tumor. Of many grading systems for prostate cancer proposed 
over the years, the Gleason system is currently the most widely 
accepted and utilized system and has been endorsed by the World 
Health Organization 


5 Contemporary Approach to Gleason Grading of Prostate Cancer 


5.1 Significance of Gleason Grading 


in Prostate Cancer Management [2-5] 


Table 5.1 Significance of Gleason grading in prognosis and therapy 
decisions 


1. Predicts various outcome measures (PSA biochemical failure, 
pathologic stage, metastasis, and death) after various forms of treatment 
modalities (active surveillance, radiation, and radical prostatectomy) 

2. Independent predictor of biochemical failure in patients receiving 
neo- or adjuvant hormonal therapy 


3. Patients with Gleason score of <6 are often candidates for active 
surveillance or watchful waiting 

4. Gleason score of 7 is a critical decision-making point; patients 
usually need some form of definitive therapy (e.g., lymph node 
sampling during radical prostatectomy and definitive therapy for 
patients on active surveillance) 

5. Patients with Gleason score of 8—10 are often candidates for multimodality 
treatments, including adjuvant therapy or radiation treatment 

6. An essential parameter in various multivariate prognosis and 
outcome models (nomograms) 


5.2 Prostate Cancer Nomograms 
and National Comprehensive Cancer 
Network (NCCN) Recurrence Categories 


and Prediction Models [5-9] 


The prediction of the natural history of prostate cancer 
remains challenging as we now increasingly detect it at an 
early stage with PSA screening. Specifically, it remains dif- 
ficult to decide which localized cancers will progress and 
metastasize and which are innocuous or indolent and can be 
conservatively managed. 

Urologists use several multivariate systems to help answer 
some of these questions. The most popular multivariate sys- 
tems are Partin and Han tables (urology.jhu.edu/prostate/par- 
tintables.php and urology.jhu.edu/prostate/hanTables.php) 
and Kattan nomograms (mskcc.org/applications/nomo- 
grams/prostate). The Partin table utilizes biopsy Gleason 
score, serum PSA, and clinical stage to predict the definitive 
pathologic stage in radical prostatectomy. The Partin table 
helps clinicians decide the primary treatment for localized 
prostate cancer based on the predicted extent of disease. The 
Han table uses pretreatment PSA, the biopsy Gleason score, 
and the clinical or pathologic stage to determine the likeli- 
hood of prostate cancer recurrence up to 10 years after sur- 
gery. These tables help clinicians determine which, if any, 
postoperative treatment should be prescribed. 

In the NCCN recurrence risk-estimation model 
(Table 5.2), Gleason score is utilized with other variables to 
place patients into various risk categories from very low to 
very high risk. Several other forms of nomograms have been 
proposed that utilize different clinical and pathologic infor- 
mation to predict specific outcome endpoints. 
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Table 5.2 NCCN recurrence risk categories 


Tlc plus Gleason score < 6/Grade group 1 plus PSA < 10 ng/mL, < 3 prostate biopsy fragments/cores positive, < 50% 


ceT2b-cT2c or Gleason score 3 + 4 = 7/Grade group 2 or PSA 10-20 ng/mL and percentage of positive biopsy cores <50% 


Risk category Definition 
Very low 
cancer in each core, prostate-specific antigen density < 0.15 ng/mL per gram of prostate 
Low cT1-cT2a plus Gleason score < 6/Grade group 1 plus PSA < 10 ng/mL 
Favorable 
intermediate 
Unfavorable cT2b-cT2c or Gleason score 3 + 4 = 7/Grade group 2 or Gleason score 4 + 3 = 7/Grade group 3 or PSA 10-20 ng/mL 
intermediate 
High cT3a or Gleason score 8/Grade group 4 or Gleason score 4 + 5 = 9/Grade group 5 or PSA > 20 ng/mL 
Very high cT3b-T4 (locally advanced) or primary Gleason pattern 5 or > 4 cores with Gleason score 8—10/Grade group 4 or 5 


NCCN National Comprehensive Cancer Network, c7T/a tumor incidental histologic finding in 5% or less of tissue resected, cT/b tumor incidental 
histologic finding in more than 5% of tissue resected, cT/c nonpalpable cancer detected by elevated PSA, cT2a palpable cancer involving <50% 
of one side of lobe, cT2b palpable cancer involving more than 50% of one lobe, cT2c involving bilateral lobe, cT3a extraprostatic extension, cT3b 
seminal vesicle invasion, cT4 invasion grossly into bladder or rectum or pelvic sidewalls 


The 2005 ISUP modified grading system 


Fig. 5.2 A schematic diagram of the 2005 and 2014 modified Gleason 
grading system [10, 11]. The 2005 and 2014 modified Gleason grading 
systems proposed by the International Society of Urological Pathology 
(ISUP) in response to dramatic changes in the diagnosis and manage- 
ment of prostate cancer in the past 50 years. With widespread PSA 
screening, there is a remarkable shift toward low-volume, low-stage 
prostate cancers. Accordingly, extended biopsy templates, instead of 
limited targeted biopsies, are increasingly utilized to improve prostate 
cancer detection. Surgical pathologists are increasingly grading pros- 
tate cancer in multiple cores from separate anatomic sites. Many atypi- 
cal cribriform lesions are now recognized as cribriform high-grade 
prostatic intraepithelial neoplasia or intraductal carcinoma, and many 
of Gleason score 2—4 carcinomas are recognized as adenosis due to 
utilization of immunohistochemistry. Several prostate cancer histologi- 
cal variants were described recently, and their grading was not dis- 
cussed in the original Gleason grading system. A tertiary pattern, in 


The 2014 ISUP modified grading system 


addition to the primary and secondary patterns, is frequently present, 
and it is controversial whether to include such a tertiary pattern in the 
final grade. The correlation between the biopsy and radical prostatec- 
tomy remains poor; specifically, the undergrading of the biopsy is a 
significant problem. These issues prompted the refinement of conven- 
tional grading criteria and reporting practices 

The ISUP has proposed two modifications, initially in 2005 and more 
recently in 2014 to the conventional Gleason grading system. The modified 
Gleason system has both definitional and operation changes. The defini- 
tional changes include a refinement of the criteria of each Gleason patterns, 
grading of cribriform carcinomas, and grading of new entities and morpho- 
logic variants of prostate cancer. Operational changes include how to grade 
in special circumstances. As described in original Gleason system, the ini- 
tial grading of prostate carcinoma should be performed at low magnifica- 
tion using the 4x and 10x objective. The 2014 modified Gleason grading 
diagram reprinted with permission of David Grignon, MD 
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5.3 The 2005/2014 Modifications 
of Gleason Grading System [10, 11] 


Table 5.3 The 2005/2014 modifications of Gleason grading system 


Definitional changes 

Each Gleason pattern is more precisely defined 

All cribriform carcinomas are graded Gleason patterns 4 or 5 
Grading of new entities and each variant is defined 

New approaches to display Gleason grades (grade groups) 
Operational changes 

Reporting rules of secondary patterns of lower grade when present to 
a limited extent 

Reporting rules of secondary pattern of higher grade when present to 
a limited extent 

Reporting rules for tertiary pattern of higher grade for the biopsy and 
radical prostatectomy settings 

Reporting percentage Gleason pattern 4 

Reporting rules of Gleason grading in the setting of multifocal 
tumors of the prostate 

Reporting rules for needle biopsy cores showing different Gleason 
grades 


5.4 Contemporary Gleason 
Pattern 1 [2, 3, 9-16] 


Table 5.4 Contemporary Gleason Pattern 1 


Definition 

Circumscribed nodule of closely packed but separate, uniform, 
round-to-oval, medium-sized acini (glands larger than pattern 3) 
Key differences from conventional grading system 

None 

Application in clinical practice 

Most cases diagnosed as Gleason score 1 + 1 = 2 in the Gleason era 
would be diagnosed as adenosis (atypical adenomatous hyperplasia) 
today with basal cell immunohistochemistry. This pattern should not 
be diagnosed regardless of specimen type, with extremely rare 
exception 

Key pitfalls 

A smooth edge of an otherwise infiltrative tumor nodule may mimic 
pattern | 

Adenosis (AAH) may mimic as Gleason pattern 1 cancer 
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5.5 Contemporary Gleason Pattern 2 


Table 5.5 Contemporary Gleason Pattern 2 


Definition 

Like pattern 1, circumscribed yet there may be minimal infiltration at 
the edge of tumor nodule 

Glands are more loosely arranged and not quite as uniform as 
pattern 1 

Key differences from conventional grading system 

Cribriform glands are not allowed in contemporary Gleason 

pattern 2 

Application in clinical practice 

This pattern occasionally exists in transurethral resections and in 
multifocal low-grade tumors in the radical prostatectomy specimens 
Due to poor reproducibility, lack of good correlation with 
prostatectomy grade, sampling issues, and potentially misleading 
clinical implications, Gleason score of 3—4 on needle biopsy should 
“rarely, if ever” be made when all the strict criteria are met and the 
diagnosis of adenosis is excluded 

Key pitfall (Fig. 5.3) 

A smooth edge of an otherwise infiltrative tumor nodule may mimic 
pattern 2 in needle biopsy 


Fig. 5.3 Although the definitions of patterns 1 and 2 are essentially the 
same as Gleason’s original description, their application in contempo- 
rary biopsy practice is drastically different. Patterns 1 and 2 occasion- 
ally exist on prostate transurethral resection (TURP) and in multifocal 
low-grade tumors in radical prostatectomy specimens. Due to poor 
reproducibility, lack of good correlation with prostatectomy grade, 
sampling issues, and potentially misleading clinical implications, 
Gleason score of 3 to 4 on needle biopsy should “rarely, if ever” be 
made only when all strict criteria are met and adenosis is excluded. A 
major limitation of assigning a Gleason pattern | or 2 on a needle 
biopsy (NBX) is that one may not see the border of the entire lesion as 
shown in this example. Therefore, most of such lesions in NBX should 
be assigned a score of 3 + 3 = 6. A score of 3 + 2 = 5 or 2 + 3 = 5 may 
be assigned with a comment that the Gleason score in radical 
prostatectomy is almost always higher in such a case 


5.6 Contemporary Gleason Pattern 3 


5.6 Contemporary Gleason Pattern 3 


Table 5.6 Contemporary Gleason Pattern 3 


Definition (see Figs. 5.4, 5.5, 5.6, and 5.7) 

Discrete glandular units, typically smaller glands than those seen in 
Gleason pattern 1 or 2, infiltrate in and among nonneoplastic prostate 
acini 

Glands typically have marked variation in size and shape 

Key differences from conventional grading system 

“Cribriform glands” are not allowed in Gleason pattern 3 
“Individual cells” are not allowed in Gleason pattern 3 

Application in clinical practice 

The most common pattern encountered in needle biopsy specimens 
Minute foci of individual, infiltrating tumor glands seen frequently 
in needle biopsy represent Gleason score 3 + 3 = 6 (see Fig. 5.5) 
Pure Gleason score 3 + 3 = 6 at radical prostatectomy is incapable of 
regional lymph node metastasis; same however does not apply in the 
biopsy setting 

Key pitfalls (see Table 5.7 for expanded list and Figs. 5.8, 5.9, 5.10, 
SIMI, SI, S o SUA, SIS, Daily, Dall, DosR, SUG), exavel 5}7X0)) 
Tangentially sectioned pattern 3 glands may appear poorly formed 
and mimic pattern 4 (see Figs. 5.10, 5.11, 5.12, 5.13, and 5.14) 
Cancer glands demonstrating complex branching such as “U”- or 
“Y’’-shape or closely packed glands may be mistaken for Gleason 
pattern 4 (see Figs. 5.8, 5.9, and 5.15) 


Fig. 5.4 From a practical standpoint, Gleason grading in contempo- 
rary practice begins with pattern 3. Gleason pattern 3 represents the 
most common pattern encountered in needle biopsy. Variably sized 
individual glands typically smaller than those seen in Gleason pattern 1 
or 2, infiltrating between benign glands, represent the classic form of 
Gleason pattern 3 


Fig. 5.5 A very small focus of discrete cancer glands, as seen in this 
example, should still be graded as 3 + 3 = 6 


Fig. 5.6 Gleason pattern 3 with predominantly small individual glands 


but with well-formed lumen 


Fig. 5.7 Gleason pattern 3 with predominantly large individual glands 
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Common Pitfalls of Pattern 3 
(Reasons for Over-interpretation 

of Pattern 3 as Pattern 4) (See Figs. 5.8, 
5.9, 5.10,5.11, 5.12, 5.13, 5.14, 5.15, 5.16, 
5.17, 5.18, 5.19, and 5.20) 


5.7 


Table 5.7 Common pitfalls of pattern 3 (reasons for overinterpretation 
of pattern 3 as pattern 4) 


Crowded individual glands mimic fused glands 

Small crowded glands with extravasated mucin in a cluster mimic 
cribriform gland 

Very small discrete glands with well-formed lumina mimic poorly 
formed glands 

Tangentially sectioned glands mimic poorly formed glands 
Branching glands mimic fusion 

Telescoping glands mimic glomerulation 

Glands with crush or poor sectioning artifacts mimic poorly formed 
or fused glands 

Atrophic glands mimic poorly formed glands 

Glands with perineural invasion create complex pseudocribriform 
architecture 

Glands with mucinous fibroplasia (collagenous micronodules) mimic 
cribriform glands 


Fig. 5.8 Crowded proliferation of individual glands of Gleason pattern 
3. Back-to-back discrete glands should not be confused with fused 
glands of Gleason pattern 4 


Fig. 5.9 Crowded small glands with extravasated mucin and collapsed 
stroma (arrow) mimicking Gleason pattern 4. At closer examination 
individual glands are separated by thin refractile collagen 
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Fig. 5.10 Gleason score 3 + 3 = 6 with some very small glands that are still 
well formed (arrow) and should not be graded as poorly formed pattern 4 
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Fig. 5.11 Tangentially sectioned poorly formed cancer glands at the 
periphery of a tumor nodule (arrow) mimic poorly formed pattern 4 glands 
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Fig. 5.12 Gleason score 3+ 3 = 6 with a few small poorly formed 
glands mimicking Gleason pattern 4 (arrows). These glands are likely 
tangentially sectioned. As a rule, < 5 poorly formed glands regardless 


of their location should not be diagnosed pattern 4 [17] 
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Fig. 5.13 Poorly formed glands intermixed with and immediately , SDN . 
adjacent to well-formed glands (arrows) regardless of its number should Fig. 5.14 This diagram illustrates how a group of cancer glands, sec- 


not be diagnosed pattern 4 as tangential sectioning cannot be ruled out tioned at different angles, may give rise to seemingly poorly formed 
with certainty [17] glands. Therefore, only a group or entire cluster of glands with poorly 


formed lumina should be considered as pattern 4. It is also a good prac- 
tice to examine multiple levels of biopsy 


we 


æ 
Whee 


Fig.5.15 (a, b) Large pattern 3 cancer glands may show complex branching and appear as “V”- or “Y’’-shaped. Such glands should not be inter- 
preted as fused glands 
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Fig.5.16 Gleason score 3 + 3 = 6 with a few glands showing telescop- 
ing of glands within glands (arrow) should not be over interpreted as 
glomerulation. In contrast to glomeruloid glands, there is lack of cribri- 
form glandular architecture 


Fig. 5.18 A small focus of cancer at the edge of the biopsy, comprising of 
predominantly poorly formed glands mimicking Gleason pattern 4. When 
dealing with small focus of cancer, one should be conservative and use 
high threshold for classifying poorly formed Gleason pattern 4 criteria 


Fig.5.17 Gleason score 3 + 3 = 6 with a few glands showing crushand Fig. 5.19 Perineural invasion with complex growth mimicking 
drying artifacts (arrow) mimicking Gleason pattern 4 Gleason pattern 4. In a case that is otherwise Gleason pattern 3, this 
appearance should not result in grading Gleason pattern 4 


Fig. 5.20 Although there is a suggestion of cribriform gland 
formation, in the setting of mucinous fibroplasia (arrow) where 
it is common to have glandular distortion, it is better to assign a 
Gleason score 3 + 3 = 6 unless the cribriform gland architecture 
is overt 


5.8 Contemporary Gleason Pattern 4 


5.8 Contemporary Gleason Pattern 4 


Table 5.8 Contemporary Gleason pattern 4 


Definition (Figs. 5.21, 5.22, 5.23, 5.24, and 5.25) 

Fused glands (see Fig. 5.21) 

Hypernephroid morphology (see Fig. 5.22) 

Ill-defined glands or cluster with poorly formed glandular lumina 
where tangentially sectioning is ruled out (see Fig. 5.23) 

Cribriform glands without basal cells, irrespective of its size and 
shape (see Fig. 5.24) 

Key differences from conventional grading system 

All (100%) of cribriform carcinomas are Gleason pattern 4 or 5 
Ill-defined glands with poorly formed glandular lumina where 
tangentially sectioning is ruled out are pattern 4 

Application in clinical practice 

Gleason pattern 4 constitutes an important clinical decision-making 
point. Presence of >5% Gleason pattern 4 typically is considered 
clinically significant prostate cancer and usually necessitates some 
form of definitive therapy. 

Of all Gleason pattern 4 subpatterns, cribriform Gleason pattern 4 is 
specifically considered unfavorable as it is associated with clinically 
aggressive disease and independently predicts adverse outcomes. 
Recent studies have shown that cribriform cancer glands/intraductal 
carcinoma is an independent parameter for post-prostatectomy PSA 
recurrence and should be considered an exclusion criterion for active 
surveillance. Cribriform Gleason pattern 4 should be documented in 
the report 

In the most recent Partin tables, Gleason score 7 (3 + 4) and Gleason 
score 7 (4 + 3) are considered separately. This emphasizes the 
importance of determining the quantity of Gleason pattern 4 (see the 
section of reporting percent pattern 4) 

Key pitfalls (Table 5.10) 

Tangentially sectioned poorly formed glands mimic cords or single 
cell pattern 5 (see Fig. 5.26) 

Intraluminal secretions or inflammatory debris mimic 
comedonecrosis pattern 5 (see Fig. 5.27) 

Intraductal carcinoma mimic pattern 4 (see Fig. 5.28) 


Fig. 5.21 Ragged and fused cancer glands representing Gleason pat- 
tern 4 
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Fig. 5.22 Hypernephroid pattern may mimic foamy gland differentia- 
tion. Hypernephroid morphology usually has clear vacuolated cyto- 
plasm rather than bubbly xanthomatous cytoplasm seen in the latter. 
Distinction between the two is of little clinical significance. Most 
importantly, grading should be based on the underlying architecture of 
the tumor rather than the hypernephroid or foamy appearance 


Fig. 5.23 A cluster of poorly formed or ill-defined glands where tan- 
gential sectioning is ruled out warrants the diagnosis of Gleason pattern 
4. Although glands are discrete and not fused, they are poorly formed 
with barely recognizable lumina. Strict criteria should be applied as 
tangential sectioning of pattern 3 cancer glands may result in several 
seemingly poorly formed glands 
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Fig.5.24 A major departure in the 2014 ISUP modified Gleason grad- 
ing system from the original Gleason system is that all cribriform carci- 
nomas regardless of size, shape, and contour are considered pattern 4 or 
5 if associated with necrosis (a). The spectrum also includes adenocar- 
cinoma with ductal differentiation characterized by confluent cribri- 
form glands lined by tall columnar cells and demonstrating slit-like 
pattern and papillary differentiation (b). Cribriform pattern is indepen- 
dently associated with biochemical failure after prostatectomy, with 


Fig. 5.25 In the 2014 modified Gleason system, glomeruloid glands 
regardless of size are graded as pattern 4 


metastasis and poor disease-specific survival. Some studies have shown 
that of all patterns of Gleason 4, cribriform pattern have particularly 
adverse implications for outcome [15, 16]. Recent studies have also 
shown that cribriform cancer glands/intraductal carcinoma is an inde- 
pendent parameter for post-prostatectomy PSA recurrence and should 
be considered an exclusion criterion for active surveillance. Cribriform 
Gleason pattern 4 should be documented in the report 


5.9 Recommendations to Improve 


Reproducibility of “Poorly Formed” 
Gleason Pattern 4 [17] 


Table 5.9 Recommendations to improve reproducibility of “poorly 
formed” Gleason pattern 4 


Only cancer glands with no or rare luminal formation should be 
considered “poorly formed”; Multiple levels should be examined 
“Poorly formed glands” intermixed with and immediately adjacent 
to other well-formed glands regardless of their number should not be 
graded as pattern 4 

<5 “poorly formed glands” regardless of their location should not be 
graded as pattern 4 

>10 “poorly formed glands” that are not immediately adjacent to 
well-formed glands are considered pattern 4 

In a small cancer focus or when uncertainty whether a focus of 
“poorly formed glands” represent pattern 3 or 4, use a conservative 
approach with default to pattern 3 


5.10 Common Pitfalls of Pattern 4 


5.10 Common Pitfalls of Pattern 4 
(Figs. 5.26, 5.27, and 5.28) 


Table 5.10 Common pitfalls of pattern 4 


Tangentially sectioned poorly formed glands mimic cords or single 
cell pattern 5 (Fig. 5.26) 

Intraluminal secretions or inflammatory debris mimic 
comedonecrosis pattern 5 (Fig. 5.27) 

Intraductal carcinoma mimic pattern 4 (Fig. 5.28) 


Fig. 5.26 Poorly formed glands of Gleason pattern 4 mimicking cord 
and single cell Gleason pattern 5. Few small cords and single cells are 
present (arrow), suspicious for pattern 5; tangential sectioning of poorly 
formed pattern 4 glands, however, cannot be excluded with certainty 


Fig. 5.27 Cribriform/papillary Gleason pattern 4 with central eosino- 
philic material mimicking comedocarcinoma pattern 5. These glands 
lack necrotic karyorrhectic debris or coagulative necrosis (dirty necro- 
sis) to make the diagnosis of pattern 5 
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Fig. 5.28 Numerous cribriform glands that on H&E alone would be 
diagnosed as Gleason score 4 + 4 = 8 (a). P63 basal cell staining dem- 
onstrates intact basal cells around each gland diagnostic of intraductal 
carcinoma (b). A Gleason score should not be assigned to intraductal 
component. The diagnosis of IDC-P should be confirmed using basal 
cells when there is concern whether the biopsy contains IDC-P only or 
invasive cancer or when the Gleason grade could change with the diag- 
nosis of IDC-P. Contemporary literature combines cribriform Gleason 
pattern 4 and IDC-P as “cribriform architecture”, a logical choice as 
both are similarly associated with poor outcomes, therefore the distinc- 
tion between two in general is of little clinical significance 
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5.11 Contemporary Gleason Pattern 5 


Table 5.11 Contemporary Gleason pattern 5 

Definition 

Essentially no glandular differentiation, composed of tumor in solid sheets, cords, single cells, linear arrays, cylinders, and nests (Fig. 5.29, 
5.30, and 5.31) 

Comedonecrosis characterized by dirty necrosis with karyorrhectic debris surrounded by papillary, cribriform, solid masses (Fig. 5.32) 

Key differences from conventional grading system 

Single file and solid nest patterns are included as Gleason pattern 5 

Application in clinical practice 

Any amount of pattern 5 is clinically significant and puts the patient in the high-risk group category 

In needle biopsy, pattern 5 should be included in the final Gleason score as secondary pattern even when present in an amount less than the 
secondary pattern 

Some studies recommend reporting volume or percentage pattern of 4/5 in needle biopsy, as it is of independent prognostic significance. 
However, percent pattern 4/5 in biopsy is usually predictive of radical prostatectomy percent 4/5 only when present at extreme percentages 
Key pitfalls 

Recognition of small amount of pattern 5 in needle biopsy could be challenging and is prone to both over- and under-interpretation. Overall it 
has been shown that pattern 5 is underrecognized and underreported in community practice [18, 19] 

Tangentially sectioned or poorly formed glands may mimic single cells or cords 

Amorphous intraluminal eosinophilic secretions or intraluminal inflammatory debris may mimic comedonecrosis 


Fig. 5.29 Tumor with infiltrating single cell (a) and cord (b) patterns of Gleason 5. Infiltrating cords and single cells are two most commonly 
encountered patterns of Gleason 5 that frequently coexist in contemporary practice 
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(See Figs. 5.33, 5.34, 5.35, and 5.36) [20] 


Table 5.12 Morphologic features that are associated with high repro- 
ducibility for Gleason pattern 5 prostate cancer 


Large tumor nests (> 20 cells) with or without focal glandular 
differentiation 

Intraluminal coagulative necrosis with or without karyorrhectic 
debris 

“Single cells/cords” 6—10 in a cluster 

“Single cells/cords” > 10 in a cluster or intermixed with adjacent 
well-formed glands 

Signet ring-like cells in single cells or within nests 


Fig. 5.30 Gleason pattern 5 exhibiting solid sheets of tumor cells. Focal 
areas show vague glandular differentiation, yet the degree of glandular dif- 
ferentiation is so minimal that it should be considered Gleason pattern 5 
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Fig. 5.31 Small- to medium-sized solid nests of cancer cells lacking 
significant glandular differentiation, diagnostic of Gleason pattern 5 
prostate cancer 


Fig. 5.33 The Gleason pattern 5 composed of large nests (tumor 
sheets) with uniformly (a) and nonuniformly (b) distributed nuclei. 
Within nest subpattern, only large nest (> 20 cells) pattern is associated 
with high reproducibility for the diagnosis of Gleason pattern 5 


Fig. 5.32 Solid/cribriform/papillary tumor with intraluminal comedo- 
necrosis is characterized by dirty necrosis with karyorrhectic debris, 
characteristic of comedocarcinoma Gleason pattern 5 
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Fig. 5.34 Comedocarcinoma subpattern with intraluminal coagulative 
necrosis. The presence of coagulative necrosis should be present at a 
minimum to make the confident diagnosis of pattern 5 and to distin- 
guish it from intraluminal secretions. The presence of karyorrhectic 
debris is optional 
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Fig.5.35 Numerous (>10) single cells/cords of tumor cells, character- 
istic of pattern 5. The diagnosis of this subpattern should not be made 
when <5 single cells/cords are present as tangential sectioning of 
poorly formed Gleason pattern 4 cannot be excluded 


5 Contemporary Approach to Gleason Grading of Prostate Cancer 


Fig. 5.36 Gleason pattern 5 characterized by proliferation of single 
cells with clear intracytoplasmic vacuoles exhibiting signet ring cell- 
like variant morphology (a). Sheet of tumor cells with focal intracyto- 
plasmic clear vacuoles exhibiting signet ring cell-like variant 
morphology of Gleason pattern 5 (b) 
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5.13 Gleason Grading of Unusual “Variant” 
Histology Types and Patterns [11] 
(Figs. 5.38, 5.39, 5.40, 5.41, 5.42, 5.43, 5.44, 
5.45, 5.46, and 5.47) 


Table 5.13 Gleason grading of unusual “variant” histology types and 


patterns 


Foamy gland pattern 
Intracytoplasmic vacuoles 
Mucinous fibroplasia 
Mucinous (colloid) carcinoma 


Pseudohyperplastic 
Atrophic 

PIN-like adenocarcinoma 
Ductal adenocarcinoma 


Glomerulation 

Signet ring cell-like carcinoma 
Small cell carcinoma 
Adenosquamous and squamous 
carcinoma 

Sarcomatoid carcinoma 


5 Contemporary Approach to Gleason Grading of Prostate Cancer 


Grade based on underlying 
architecture 

Grade based on underlying 
architecture 

Grade based on underlying 
architecture 

Grade based on underlying 
architecture 

Pattern 3 

Pattern 3 Fig. 5.39 When grading cancer with mucinous fibroplasia, one should 
Pattern 3 try to subtract this feature from analysis and grade based on the under- 
Pattern 4, pattern 5 with lying architecture of the tumor. Although the epithelium often assumes 
necrosis a complex architecture, most of these cases represent Gleason pattern 3 
Pattern 4 
Pattern 5 
Not graded 
Not graded 


Not graded 


Fig. 5.40 Pseudohyperplastic carcinoma with large undulating and 
branching contour should be graded as Gleason pattern 3 


Fig. 5.38 Moderately differentiated foamy gland cancer, Gleason 
score 4 + 3 = 7. Although foamy gland cancers appear morphologically 
bland, their biological behavior is wide-ranging. The majority repre- 
sents intermediate-grade tumors, containing a Gleason pattern 4 com- 
ponent. From a grading perspective, these tumors should be graded on 
overall architecture rather than foamy appearance 
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Fig. 5.41 Confluent cancer glands with papillary architecture lined by 
tall columnar epithelium represent large duct morphology and should 
be graded as Gleason pattern 4 (a). Confluent cribriform glands lined by 
tall columnar epithelium represent another common ductal morphology 
(b). With intraluminal necrosis, it is graded as Gleason pattern 5. PIN- 


Fig. 5.42 Small cell neuroendocrine carcinoma should not be graded 
due to its unique tumor biology and therapeutic significance. Any 
amount of such differentiation is significant and should be reported 


like ductal adenocarcinoma represents large cystically dilated discrete 
glands, demonstrating tall columnar lining epithelium without cribri- 
form and papillary morphology. PIN-like ductal adenocarcinoma is 
graded as pattern 3 (c) 
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Fig. 5.43 Grading of colloid carcinoma consisting of tumor cells in 
pools of extravasated mucin was traditionally considered spectrum of 
Gleason 4. However, new data suggests that not all mucinous carcino- 
mas are uniformly aggressive; some in fact may be less aggressive. 
Again, one should use the architecture as a major feature to grade these 
tumors. If there are discrete glands floating within the pools of mucin, it 
should be considered pattern 3; however, if cribriform glands are pres- 
ent, it should be considered pattern 4. In this example, the primary pat- 
tern is 3, with a small component of secondary pattern 4 (lower right) 
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Fig. 5.44 Signet ring-like cells in single cells, cords, and nests repre- Fig. 5.46 Well-formed individual and fused glands of Gleason pattern 
sent Gleason pattern 5 3 and 4 with numerous bright eosinophilic Paneth cell-like neuroendo- 
crine granules (arrows) 
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Fig. 5.47 Small nests of adenocarcinoma with Paneth cell-like neuro- 
endocrine differentiation. These tumors should not be graded despite 
lack of glandular differentiation as Gleason pattern 5 as they have a 
good prognosis. It is recommended that Gleason grading in such tumors 
be assigned only to the areas of gland-forming adenocarcinoma 


Fig. 5.45 Intracytoplasmic vacuoles can be seen in many prostate can- 
cers of different patterns and do not equate to signet-ring differentiation 
or pattern 5. In this example, cytoplasmic vacuoles are seen in Gleason 
pattern 3 cancer. Such cases should be graded based on underlying 
architecture rather than the presence of intracytoplasmic vacuoles 
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5.14 New Grading System: Grade Groups 
[21-24] 


It is argued that the current Gleason grading system has 
several deficiencies that may have misleading clinical 
implications. Since Gleason score 6 is in the middle of the 
2-10 numerical scale, patients may assume that they have 
moderately aggressive cancer even though Gleason score 6 
prostate cancer is the least aggressive tumor. In addition, 
Gleason score is often grouped into three tiers (6, 7, 8-10) 
for prognostic and therapeutic purposes, despite the fact 
that GS 3 + 4 vs. 4 + 3 and 8 vs. 9-10 have significantly 
different prognosis. Epstein JI et al. recently proposed new 
grading system in form of five Gleason grade groups to 
accurately reflect prognosis of prostate cancer: Gleason 
score 2—6 representing Grade group 1; 3 + 4 Grade group 
2; 4 + 3 Grade group 3; Gleason score 8 Grade group 4; 
and Gleason score 9-10 representing the Grade group 5 
[23, 24]. The grade groups have now been validated by 
several studies on biopsy correlating with risk of progres- 
sion after radical prostatectomy and following radiation 
therapy. Grade groups are now endorsed both by 2016 
WHO and 8th edition of AJCC staging system and are now 
required to be used in conjunction with the Gleason grad- 
ing " system [9]. 


Table 5.14 New grading system: grade groups 


Grade 
group! GS <6 Only individual discrete well-formed glands 
Grade GS Predominantly well-formed glands with lesser 
group2 3+4=7 component of poorly formed/fused/cribriform 
glands 
Grade GS Predominantly poorly formed/fused/ 
group3 4+3=7  cribriform glands with a lesser component of 
well-formed glands 
Grade GS Only poorly formed/fused/cribriform glands 
group4 4+4=8 Predominantly well-formed glands with a 
GS lesser component lacking glands 
34+5=8 Predominantly lacking glands or with a lesser 
GS component of well-formed glands 
5+3=8 
Grade GS 9/10 Lacks gland formation (or with necrosis) with 
group 5 or without poorly formed/fused/cribriform 


glands 


5.15 Important Facts About Grade Groups 


Table 5.15 Important facts about grade groups 


Grade groups have shown to provide superior stratification of 
outcomes than the conventional modified Gleason system 

Grade groups have lower number (5) of categories than the modified 
Gleason system 

For grade groups, the lowest grade is 1 in comparison to 6 for the 
modified Gleason system 

Grade groups are now endorsed both by 2016 WHO and 8th edition 
of AJCC staging system 

Grade groups also have been referred to as ISUP grade in some 
publications 

Grade groups are now required to be used in conjunction with the 
Gleason grading system 


5.16 Recommendations for Gleason 
Grading in the Post-therapy Setting 


Table 5.16 Recommendations for Gleason grading in the post-therapy 
setting 


Gleason grading after radiation and/or hormonal therapy 

Do not grade when there is morphologic evidence of treatment effect 
Treatment effect produces morphological changes mimicking 
high-grade cancer (Fig. 5.48) 

Grading may be appropriate if there is no morphological evidence of 
treatment effect 


Fig. 5.48 Treatment produces histological changes mimicking high- 
grade cancer [25]. A prostate needle biopsy postradiation treatment 
demonstrating single cells and poorly formed glands, simulating a high- 
grade cancer. Both radiation and hormone therapy cause glandular 
breakdown, loss of glandular architecture with either poorly formed/ 
compressed glands or single cells, cytoplasmic vacuolization, nuclear 
shrinkage, nuclear hyperchromasia and pyknosis, and mucinous degen- 
eration. These morphological features simulate and may be mistaken 
for a high-grade cancer if the treatment is not suspected. Gleason grad- 
ing should not be applied in this setting 
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5.16.1 Modified Gleason Grading System: 
Operational Changes [10, 11] 


Fig. 5.49 Reporting secondary patterns of lower grade when present 
to a limited extent. In a needle biopsy case exhibiting a large volume of 
cancer with predominantly high-grade, a low-grade component of small 
quantity, typically <5%, can be ignored. Such an example in needle 
biopsy should be diagnosed as 4+ 4 = 8 


3m 


4—>| 


3+4 =7 


Fig. 5.50 Reporting secondary patterns of higher grade when present 
to a limited extent. High-grade (Gleason patterns 4 and 5) tumor of any 
quantity in needle biopsy, if it can be identified at low to medium mag- 
nification, should be included in the final Gleason score. This assumes 
that any amount of high-grade tumor sampled in needle biopsy most 
likely indicates a significant tumor at radical prostatectomy. In radical 
prostatectomy, the majority agrees that even a limited amount of high- 
grade tumor should be reported as either secondary (when it is >5% of 
the tumor) or tertiary pattern (when it is <5% of the tumor) 


3 = 


4—> 


5—> 
3+5 = 8 


Fig. 5.51 Tertiary Gleason pattern of higher grade. Infrequently, you 
may have three patterns in biopsy. The importance of third pattern is 
when it is higher than secondary pattern. The typical scenario in a 
biopsy specimen includes tumors with patterns 3, 4, and 5 in various 
proportions. In such a tumor, both the primary and the highest pattern 
should be recorded. This recommendation is also important for patient 
management. Risk stratification tools, such as the US National 
Comprehensive Cancer Center Network (NCCN) guidelines and 
D’ Amico risk stratification, and outcome prediction models to predict 
the pathological stage and prognosis following radical prostatectomy, 
such as Partin tables and Kattan nomogram, use only primary and sec- 
ondary patterns reported in the NBX, and therefore tertiary pattern of 
higher grade would be dropped unless reported as the second- 
ary pattern 
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Fig. 5.52 Tertiary pattern 5. A prostate needle biopsy demonstrating 
primary pattern 3 (well-formed discrete glands, upper right), secondary 
pattern 4 (poorly formed fused glands, arrows), and tertiary pattern 5 
(cords and individual single cells, arrowheads); such a case should be 
graded 3 + 5. Prostate cancer often contains >2 Gleason patterns within 
the same tumor. It is important to report the tertiary Gleason pattern 


when it is of higher grade than the secondary pattern 
4+4=8 3+3=6 3+4=7 44+3=7 
15% 60% 40% 20% 
Lt base 
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Fig. 5.53 Gleason grading in the setting of multiple cores with pros- 
tate cancer of different Gleason patterns. An important issue in grading 
a biopsy with prostate cancer of different Gleason score involving mul- 
tiple cores is whether to render a global score or worst score. The 2005 
ISUP consensus recommended assigning Gleason score to individual 
cores as long as they were submitted in separate containers or their 
locations were specified by urologists. It was optional to provide an 
overall Gleason score. In one study of NBX with one core showing 
Gleason score 4 + 4 = 8 prostate cancer and other cores having Gleason 
score < 7, the pathological stage at radical prostatectomy was compa- 
rable to cases with all needle cores showing Gleason score 4 + 4 = 8 [3]. 
In addition, urological surgeons typically use the highest Gleason score 
of all cores as the “case” Gleason score for patient management [3]. 
Arias-Stella et al. recently proposed a composite Gleason score which 
integrates grade patterns from contiguous positive biopsy sites. 
Composite Gleason score correlated better with radical prostatectomy 
Gleason score than the highest biopsy Gleason score [26]. Specifically, 
the former was less likely to be downgraded compared with the 
latter in radical prostatectomy specimens 
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Fig.5.54 Gleason grading in the setting of multiple cores with different 
Gleason grades in the same containers without specific site designation 
[27]. In practice, it is common to see that multiple cores are placed in the 
same container without any identifiers or they are designated only as 
“left” or “right.” Currently there are no clear guidelines to address this 
issue. We simulated this scenario of multiple individual intact cores with 
different Gleason score in the same container by analyzing as if these 
cores were submitted in containers labeled as right and left then deter- 
mined the “global score” (all positive cores averaged as one positive 
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Fig. 5.55 Effect of tumor multifocality and biopsy sampling tech- 
niques on biopsy/radical prostatectomy Gleason score correlation [28]. 
Correlation between biopsy and radical prostatectomy Gleason score 
remains poor in Gleason grading; specifically, biopsy undergrading 
remains a significant concern. Recent studies suggest that this discrep- 
ancy is reduced when extended biopsy protocols are used. Various fac- 
tors affect this correlation, most notably tumor multifocality and biopsy 
sampling techniques. Most prostate cancers are multifocal, represented 
by a dominant or index tumor and other separate multifocal tumors. In 
this example, areas of Gleason pattern 4 tumor are primarily identified 
by laterally directed extended biopsy cores, whereas sextant biopsy 
cores under sample these areas. Areas of tertiary pattern 5 within the 
index tumor and nondominant multifocal tumor 2 with Gleason score 
4 + 4 remain unsampled by both sextant and extended biopsy cores 


core), “worst” Gleason score and “largest tumor volume” Gleason score. 
Grade correlation with radical prostatectomy was best, and the likelihood 
of significant upgrading at radical prostatectomy was least when the 
biopsy worst Gleason score was used. These results suggest that when 
multiple cores are submitted in a container without site specification, 
Gleason score of individual cores or worst Gleason score should be 
reported. In cases where a container contains multiple pieces of tissue and 
one cannot be sure if one is looking at an intact core, the consensus is that 
an overall Gleason score for that container should be provided 
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5.17 Rationale for Reporting Percentage 
Pattern 4 in Gleason Score 7 Prostate 
Cancer [3, 11, 29] 


Table 5.17 Rationale for reporting percentage pattern 4 in Gleason 


score 7 prostate cancer 


Provides better guidance to urologists for treatment decisions 
regarding Gleason score 7 patients 

Men with low amount of Gleason pattern 4 (< 5%) have outcomes 
comparable to Gleason score 6 

Active surveillance may be recommended for men with Gleason 
3+4=7 with limited percent pattern 4 (< 5%), specifically when 
lacking cribriform Gleason pattern 4/IDC-P 

Recording percent pattern 4 is useful for radiation therapy 
approaches for cases that are borderline between 3 + 4 = 7 and 
4+3=7 

Increasing percent pattern 4 on needle biopsy correlates with an 
increased risk of biochemical risk of recurrence after radical 
prostatectomy 

Percent pattern 4 on needle biopsy can improve prediction of 
upgrading and of adverse findings at radical prostatectomy 
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5.18 Summary of Current Concepts 


of Gleason Grading of Prostate 
Cancer 


Table 5.18 Summary of current concepts of Gleason grading of pros- 
tate cancer 


(1) Gleason pattern 1 or 2 should not be utilized in the biopsy setting 

(2) Gleason grade in the biopsy setting essentially starts with 
Gleason pattern 3 

(3) A few discrete malignant glands located between benign glands 
indicate pattern 3 (small focus of cancer does not necessarily 
mean low-grade cancer) 

(4) All (100%) cribriform carcinomas represent pattern 4 or 5 if 
associated with necrosis. Cribriform Gleason pattern 4 is 
considered an unfavorable parameter and should be documented 
in the report. Contemporary literature lumps both cribriform 
Gleason patttern 4 and IDC-P as “cribriform architecture”, a 
logical approach as both are associated with similar adeverse 
outcomes. Therefore, distinction between two is of little clinical 
significance 

(5) Clusters of glands with poorly formed glandular lumina where 
tangential sectioning is ruled out represent Gleason pattern 4. 
Strict criteria should be applied as tangential sectioning of 
pattern 3 cancer glands may result in several seemingly poorly 
formed glands. Multiple levels should be examined 

(6) Percentage of pattern 4 in the setting of Gleason score 7 (3 + 4 
versus 4 + 3) should be reported 

(7) Multiple cores with cancer of different Gleason grades, grade 
information of individual core(s) better correlates with Gleason 
grade of radical prostatectomy 

(8) Any amount of higher pattern in the needle biopsy should be 
reported 

(9) In the setting of high-grade tumor of large volume, a small 
amount (< 5%) of lower-grade pattern can be ignored and need 
not be reported 

(10) Tertiary pattern 5 in the biopsy should be reported as the 
secondary pattern in the needle biopsy due to its prognostic 
significance 

(11) Gleason grading of “special” types of prostate cancers depend 
either on its underlying architecture or specific morphological 
feature. Some are not graded 

(12) Intraductal carcinoma of the prostate (IDC-P) should be 
documented in the report as it is considered an unfavorable 
parameter. IDC-P should not be graded, however contemporary 
literature lumps both cribriform Gleason patttern 4 and IDC-P 
as “cribriform architecture”, a logical approach as both are 
associated with similar adeverse outcomes. Therefore, 
distinction between two is of little clinical significance 

(13) Grade groups represent a novel way to group Gleason grades 
for superior stratification of outcomes; Reporting of grade 
groups in conjunction with the Gleason score is now a required 
CAP reporting element 
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Histologic Variants of Acinar 
Adenocarcinoma, Ductal 
Adenocarcinoma, Neuroendocrine 
Tumors, and Other Carcinomas 


Histologic variants of prostate acinar adenocarcinoma, ductal 
adenocarcinoma, neuroendocrine tumors, and other carcino- 
mas account for 5-10% of prostate carcinomas and frequently 
are associated with ordinary acinar prostate adenocarcinoma. 
The morphologic spectrum of histologic variants of acinar 
adenocarcinoma ranges from tumors often resembling benign 
conditions, such as foamy and pseudohyperplastic carcinoma, 
to highly aggressive forms, such as sarcomatoid carcinoma. 
These histologic variants of acinar adenocarcinoma, ductal 
adenocarcinoma, neuroendocrine tumors, and other carcino- 
mas often differ from acinar carcinoma in clinical, immuno- 
phenotypic, ultrastructural, or genetic features. Some of this 


histologic spectrum also differ in prognosis and may neces- 
sitate a different therapeutic approach. This chapter outlines 
important clinical and pathologic characteristics of histologic 
variants of acinar adenocarcinoma, ductal adenocarcinoma, 
neuroendocrine tumors, and other carcinomas. 


6.1 The 2016 World Health Organization 
Classification of Histological Variants 
of Acinar Adenocarcinoma, Ductal 
Adenocarcinoma, Neuroendocrine 


Tumors, and Other Carcinomas [1-2] 


Table 6.1 The 2016 World Health Organization classification of histological variants of acinar adenocarcinoma, ductal adenocarcinoma, neuro- 


endocrine tumors, and other carcinomas 


Histologic variants of acinar Ductal 

adenocarcinoma adenocarcinoma Neuroendocrine tumors 

Atrophic adenocarcinoma Cribriform Adenocarcinoma with neuroendocrine 
Papillary differentiation 
Solid 


Pseudohyperplastic carcinoma 


Microcystic adenocarcinoma 
Foamy gland adenocarcinoma 
Mucinous (colloid) carcinoma 


Well-differentiated neuroendocrine tumor 


Small-cell neuroendocrine carcinoma 
Large cell neuroendocrine carcinoma 
Mixed small-/large-cell neuroendocrine 


Other carcinomas 
Urothelial carcinoma 


Squamous cell carcinoma and 
adenosquamous carcinoma 
Basal cell carcinoma 


carcinoma - acinar/ductal adenocarcinoma 


Signet ring-like cell carcinoma 
Pleomorphic giant cell 
Sarcomatoid 
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6.2 Histologic Variants of Acinar Prostate 
Carcinoma Mimicking Benign Lesions 
(1 ' 3-4] 


Table 6.2 Histologic variants of acinar prostate carcinoma mimicking 
benign lesions 


Histological pattern of cancer Benign condition they may mimic 


Foamy gland carcinoma Cowper’s glands 
Mucinous metaplasia 
Xanthoma 
Atrophic carcinoma Benign atrophy 
Pseudohyperplastic Benign prostatic hyperplasia (BPH) 
carcinoma 
Microcystic adenocarcinoma Cystic atrophy 
PIN-like adenocarcinoma Prostatic intraepithelial neoplasia 
(PIN) 


6.3 Atrophic Adenocarcinoma 


Table 6.3 Atrophic adenocarcinoma 


Microscopical features (Figs. 6.1 and 6.2) 

Low-power architecture 

Infiltrative and/or crowded glands with scant yet basophilic/ 
amphophilic cytoplasm 

Intraluminal secretions including amorphous eosinophilic 
concretions and blue mucin are often present 

Usually intermixed with nonatrophic conventional acinar 
adenocarcinoma 

In cases after treatment, other features of androgen deprivation or 
radiation are usually evident 

High-power cytology 

Significant nuclear enlargement, hyperchromasia, and prominent 
nucleoli are usually present and are required for making the 
diagnosis 

Immunohistochemical features 

Basal cell markers are negative 

AMACR is variably expressed with overall low sensitivity (68-70%) 
ERG positivity can help establish the diagnosis when limited cancer 
is present in biopsy specimens. Lack of ERG positivity does not 
exclude the diagnosis 

Differential diagnosis 

Simple lobular atrophy, postatrophic hyperplasia, and partial atrophy 
Atrophic carcinoma despite scant cytoplasm usually displays an 
infiltrative growth pattern, with atrophic glands intermingling with 
larger benign glands. In contrast, benign atrophy (see also Figs. 7.14, 
7.15, 7.16, 7.18 and 7.19) conditions are characterized by lobulated 
or circumscribed proliferation. Atrophic carcinoma appears less dark 
or basophilic compared to postatrophic hyperplasia or complete 
atrophy, as the cytoplasm is relatively decreased but is appreciable in 
the former 

Atrophic carcinoma demonstrates significantly more cytological 
atypia compared to benign atrophy 

Atrophic prostate carcinoma is often intermixed with nonatrophic 
conventional prostate carcinoma 

Gleason grading and clinical significance 

Atrophic carcinomas not associated with therapy typically behave as 
conventional Gleason score 3 + 3 = 6 prostate carcinoma 


Fig. 6.1 At low-power examination, the cancer glands demonstrate 
scant amphophilic cytoplasm mimicking partially atrophic benign 
glands. However, infiltrative growth is obvious (arrows, a). At higher 
magnification, the cancer glands are not completely atrophic and still 
retain a small amount of cytoplasm. Also note that the cancer glands 
display unequivocal malignant histologic features (b). Cancer glands 
lack immunohistochemical markers for basal cells; benign glands dem- 
onstrate strong staining (c) 


6.3 Atrophic Adenocarcinoma 


Fig. 6.2 Another example of atrophic adenocarcinoma in biopsy. 
Cancer glands impart a basophilic appearance at low power due to 
marked reduction in cytoplasm mimicking completely atrophic glands 
(a). Significant cytological atypia argues against the diagnosis of 
benign atrophy (b). PIN-4-ERG cocktail antibodies demonstrate lack of 
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basal cell expression and strong expression of cytoplasmic AMACR 
and nuclear ERG, supporting the diagnosis of cancer (c, d). Significant 
cytological atypia, infiltrative growth, ERG overexpression, and/or 
presence of admixed conventional acinar cancer are required to make a 
definitive diagnosis of atrophic adenocarcinoma 
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6.4 Pseudohyperplastic Carcinoma 


Table 6.4 Pseudohyperplastic carcinoma 


Microscopical features (Figs. 6.3 and 6.4) 

Low-power architecture 

Many closely packed glands of varying size with complex and undulating architecture and frequent papillary infoldings. Large glands with 
undulating architecture are a prominent feature 

The cytoplasm is amphophilic with frequent amorphous secretions and blue mucin 

High-power cytology 

Nuclear enlargement, hyperchromasia, and prominent nucleoli are present and required for making a cancer diagnosis in needle biopsy 
Immunohistochemical features 

Basal cell markers are negative and are required in most cases 

AMACR is variably expressed with overall low sensitivity (68-70%) 

Differential diagnosis 

Benign prostate hyperplasia (BPH) and ductal adenocarcinoma 

Findings that are useful in establishing a diagnosis of malignancy include gland crowding with infiltrative features, nuclear enlargement, 
macronucleoli, and transition to usual small acinar adenocarcinoma. The diagnosis of pseudohyperplastic carcinoma should be made with 
caution in needle biopsy samples when the focus of concern is small, as the diagnosis of BPH cannot be excluded with certainty. 
Immunohistochemical markers are not always helpful in this situation (Fig. 6.5). When present, conventional acinar differentiation aids in this 
differential diagnosis 

The papillary growth of pseudohyperplastic adenocarcinoma may rarely be mistaken for the papillae of ductal adenocarcinoma of the prostate. 
The neoplastic epithelial lining of the papillary fibrovascular cores of ductal adenocarcinoma typically is pseudostratified with elongated nuclei 
Gleason grading and clinical significance 

Assigned Gleason score is 3 + 3 = 6 prostate carcinoma 


Fig. 6.3 At low magnification, pseudohyperplastic carcinoma demon- tively bland at low power and mimic BPH (a). At high magnification, 
strates crowded proliferation of large dilated glands with branching and glands display cytoplasmic amphophilia and nuclear atypia suggestive 
papillary infoldings and luminal secretions. These glands are decep- of cancer (b) 


6.4 Pseudohyperplastic Carcinoma 


Fig. 6.4 Another example of pseudohyperplastic carcinoma in needle 
biopsy. Note relatively deceptive, bland appearance of large glands at low 
power. Crowding, admixture with some small glands and differences in 
cytoplasmic characteristics bring attention to these glands at low power 


Fig. 6.5 Diagnosis of a small focus of pseudohyperplastic prostate 
carcinoma in needle biopsy should be made with extreme caution. In 
this example, there is a small focus of crowded large- to mid-size glands 
with undulated architecture, papillation, and nuclear stratification and 
pale or mildly eosinophilic cytoplasm suspicious for pseudohyperplas- 
tic carcinoma (a). High-power view demonstrates marked cytological 


(a). At higher magnification, single layer of nuclei, with nuclear enlarge- 
ment and prominent nucleoli, are visible (b, ¢). The lack of basal cell 
markers (HMWCK and p63) and strong AMACR expression (d) support 
the diagnosis of pseudohyperplastic prostate carcinoma 


atypia (b). Immunostains show these glands demonstrate loss of basal 
cells and are strongly positive for AMACR (c). Note here that the focus 
of concern is very small, and a diagnosis of cancer cannot be made with 
certainty on morphology or immunoprofile. In this circumstance, a 
diagnosis of atypical prostate glands suspicious for but not diag- 
nostic of carcinoma (AYTP) would be appropriate 
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6.5  Microcystic Adenocarcinoma [5] 


Table 6.5 Microcystic adenocarcinoma 


Microscopical features (Fig. 6.6) 

Low-power architecture 

Intermediate-sized cystically dilated glands with rounded luminal profiles mimic benign cystic atrophy. The glands on average are 10 times the 
size of usual acinar adenocarcinoma glands and typically show rounded profile 

There is usually a background admixture of small acinar adenocarcinoma 

Intraluminal crystalloids and blue mucin are typically present 

High-power cytology 

The luminal cell lining layer is flat, with or without atrophic changes. Cytological atypia is evident 

Immunohistochemical features 

Dilated glands lack basal cells and almost all cases (96%) express AMACR 

Differential diagnosis 

The differential diagnosis centers mainly on cystic hyperplasia in the transition zone and cystic atrophy in the peripheral zone. Detection of 
nuclear atypia, AMACR overexpression, lack of basal cells, and adjacent small acinar adenocarcinoma are useful clues in establishing a 
diagnosis of malignancy for these microcystic glands 

Cystic dilatation of malignant prostatic glands can also be seen in ductal adenocarcinoma. These cystically dilated ductal adenocarcinomas 
differ from microcystic acinar adenocarcinomas in that cysts are larger and exhibit intracystic papillae. In contrast, the malignant glands lining 
in microcystic adenocarcinomas is typically flat 

Gleason grading and clinical significance 

The Gleason pattern assignment is 3 for microcystic adenocarcinoma 


Fig. 6.6 At low magnification microcystic adenocarcinoma demon- ally evident (b). The luminal cell lining layer is flat, with or without 
strating intermediate-sized cystically dilated glands mimicking benign atrophic features (c). Detection of nuclear atypia, AMACR overexpres- 
cystic atrophy. Glands show rounded profiles and a flat luminal cell sion, lack of basal cells, and adjacent small acinar adenocarcinoma are 
lining layer. Background admixture of small acinar adenocarcinoma is useful clues in establishing a diagnosis of malignancy for these micro- 
typically present (a). At higher magnification, cytological atypia is usu- cystic glands 


6.6 Foamy Gland Carcinoma 


6.6 Foamy Gland Carcinoma 


Table 6.6 Foamy gland carcinoma 


Microscopical features (Figs. 6.7 and 6.8) 

Low-power architecture 

Crowded and/or infiltrative glands with abundant foamy/xanthomatous cytoplasm 

Nucleus-to-cytoplasm (N:C) ratio is very low due to abundant foamy cytoplasm, resembling histiocytes 

Amorphous eosinophilic luminal secretions are common 

Majority of foamy gland carcinomas also contain conventional acinar differentiation 

High-power cytology 

Nuclei are typically small and dense; nuclear enlargement, hyperchromasia, and prominent nucleoli are usually not conspicuous 

Nuclei are typically rounder than oval nuclei of benign glands 

The cytoplasm has bubbly empty vacuoles 

Immunohistochemical and molecular features 

Basal cell markers are negative 

a-Methylacyl-CoA racemase (AMACR) is variably expressed with overall low sensitivity (68-70%) 

ERG overexpression is present in about 40% of cases 

Differential diagnosis 

Cowper’s gland and mucinous metaplasia. Cowper’s glands (see also Fig. 7.7) and mucinous metaplasia (see also Fig. 7.10) contain 
intracytoplasmic mucin, whereas foamy carcinoma contains luminal mucin but lack intracytoplasmic mucin and demonstrate variable degree 
of cytological atypia. Cowper’s glands have lobular architecture with biphasic ductal and acinar pattern 

Xanthomatous inflammation (see also Figs. 7.55 and 7.56). The presence of nuclear atypia, glandular differentiation, and conventional acinar 
cancer favors foamy gland carcinoma (Fig. 6.8). In small needle biopsy samples, immunohistochemical markers for CD-68, prostate-specific 
antigen (PSA), and cytokeratin help confirm the diagnosis 

Gleason grading and clinical significance 

Graded based on its underlying architecture and not based on foamy appearance 

Some foamy gland carcinomas behave as intermediate-to-aggressive cancers. Majority represent Gleason score 6—7 tumors 


Fig. 6.7 At low power, a foamy gland carcinoma is characterized by foamy carcinoma (a). The nuclei are small and dense; typical malignant 
abundant xanthomatous cytoplasm with low N:C ratio, simulating a nuclear features of prostate cancer are only variably present, making 
benign process. Intraluminal, dense, pink, acellular secretions are com- recognition of cancer difficult. Occasional prominent nucleoli and 
mon. Conventional acinar differentiation (arrow) is also common in nuclear enlargement are also present (b) 
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Fig.6.8 (a,b) A poorly differentiated foamy gland carcinoma simulat- consisting of histiocytic markers and pancytokeratin may be needed to 
ing xanthomatous inflammation in needle biopsy. Presence of cytologi- arrive at a definitive diagnosis in such cases, particularly in small nee- 
cal atypia and/or any glandular differentiation (arrow) support the dle biopsy samples. Gleason grading should be based on architecture 
diagnosis of foamy gland carcinoma. An immunohistochemical panel rather than foamy appearance 


6.7 Mucinous (Colloid) Carcinoma [2, 6-7] 


Table 6.7 Mucinous (colloid) carcinoma 


Microscopical features (Figs. 6.9 and 6.10) 

Low-power architecture 

Tumor cells floating within the mucin pool sharply demarcated from the stroma; mucin accounts for >25% of the tumor volume 

Tumor cells are arranged in cribriform configurations, individual acinar architecture, tubules, cords, or strands 

Mucinous fibroplasia (collagenous micronodules) representing hyalinization of extravasated mucin, one of three specific features of prostate 
cancer, is frequently present 

High-power cytology 

Tumor cells are often monotonous, bland-looking, with frequent prominent nucleoli 

Immunohistochemical and molecular features 

Identical to conventional acinar prostate cancer: positive for PSA, PSMA, PSAP, and NKX3.1; negative for basal cell markers. AMACR is 
variably expressed 

Highest frequency of ETS gene fusions (~80%) in this morphologic subtype 

Differential diagnosis 

Diagnosis of mucinous carcinoma is restricted to tumors showing >25% of the tumor with lakes of extracellular mucin 

Prostate carcinoma with <25% mucinous component should be classified as having mucinous features, whereas prostate acinar carcinoma 
demonstrating intraluminal prominent mucin is not considered colloid carcinoma 

Colloid carcinoma of the prostate mimics colorectal colloid carcinoma in small biopsy samples (see Fig. 6.9). PSA, PSAP, and PSMA 
positivity suggest the prostate origin. Presence of conventional acinar cancer is a helpful feature. CDX-2 marker not entirely reliable in the 
differential diagnosis, as prostate carcinoma may express CDX-2 

Gleason grading and clinical significance 

Gleason grading should be based on overall architecture of the tumor, ignoring mucinous differentiation. 

Pure colloid carcinoma is rare; the majority demonstrate concomitant conventional acinar carcinoma 

Average age at presentation similar to conventional acinar adenocarcinoma 

Previously, all colloid carcinomas were designated as aggressive Gleason pattern 4 + 4 = 8 carcinoma, but recent data suggest that they are not 
uniformly aggressive; some may in fact be less aggressive, and grade should be applied based on the underlying architecture 


6.7 Mucinous (Colloid) Carcinoma 


Fig. 6.9 Cancer cells float in lakes of extracellular mucin (a) and are 
arranged in acini and cribriform growth pattern. This is distinct from 
the intraluminal mucin seen in conventional prostate acinar carcinoma. 
Cytologically, they usually appear bland (b). When this finding is seen 


Fig. 6.10 Example of prostate carcinoma with mucinous features 
demonstrating well-formed discrete glands with few potentially fused 
glands (arrow), floating within the mucin pool. Also note the presence 
of intraluminal collagenous nodule in some glands (arrowhead), which 
is common in this variant morphology. Previously, all colloid carcino- 
mas were designated as aggressive Gleason pattern 4 + 4 = 8 carcinoma, 
but recent data suggest that they are not uniformly aggressive; some 
may in fact be less aggressive, and grade should be applied based on the 
underlying architecture (3 + 4 = 7 in this example) 
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exclusively in biopsy without a component of acinar carcinoma, immu- 
nohistochemical staining for prostate markers should be utilized to rule 
out colorectal primary. Tumor cells in this case demonstrated strong 
PSA reactivity supporting the diagnosis of primary prostate cancer (c) 
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6.8 Signet Ring Cell-Like Carcinoma [2] 


Table 6.8 Signet ring cell-like carcinoma 


Microscopical features (Fig. 6.11) 

Low-power architecture 

Poorly differentiated tumor grows in sheets and small clusters and as single cells 

Frequently admixed with ordinary acinar carcinoma 

High-power cytology 

Tumor cells demonstrate signet ring cell-like features, characterized by nuclear displacement and indentation by clear cytoplasmic vacuoles 
The vacuoles do not contain mucin 

The signet ring cell component should be >25% of the tumor mass to be considered as a signet ring variant 

Immunohistochemical features 

Variably positive for prostate-specific markers PSA, PSMA, and NKX3.1 

Negative stains for CK7, CK20, HMWCK, and mucin 

Differential diagnosis 

Before establishing a diagnosis of prostate signet ring carcinoma, a metastasis from other anatomic sites, including stomach, lung, colon, and 
pancreaticobiliary system, should be excluded 

On the other hand, prostatic origin signet ring cell carcinoma should be considered when signet ring cell carcinoma of unknown primary is 
encountered, especially if mucin stains are negative 

Pseudo signet ring features may be seen in lymphocytes and focally within other benign mimics, sclerosing adenosis, and nephrogenic 
metaplasia 

Presence of vacuoles in cancer glands should not be viewed as signet ring cell differentiation, and grading should be based on underlying 
architecture (also see Fig. 5.45) 

Gleason grading and clinical significance 

Graded as Gleason pattern 5 

The signet ring cell carcinoma is a rare histologic variant of prostate carcinoma with an aggressive clinical outcome 


Fig. 6.11 Signet ring cell-like prostate carcinoma is composed of the cytoplasmic vacuoles lack staining for mucin. The signet ring cell 
sheets of infiltrative discohesive cells with cytoplasmic vacuoles dis- carcinoma is graded as Gleason pattern 5. Presence of vacuoles in can- 
placing the nuclei peripherally (a). At higher magnification, vacuoles cer glands should not be viewed as signet ring cell differentiation, and 
are optically clear, and cytological atypia is present (b). In most cases, grading should be based on underlying architecture 
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6.9 Pleomorphic Giant Cell Carcinoma [8] 


Table 6.9 Pleomorphic giant cell carcinoma 


Microscopical features (Fig. 6.12) 

Low-power architecture 

An exceptionally rare variant of adenocarcinoma which exhibits giant, bizarre, anaplastic cells containing pleomorphic nuclei. The tumor lacks 
spindle cell component 

High-power cytology 

Marked pleomorphism is present in 5-70% of the tumor, and atypical mitosis may be seen 

Immunohistochemical features 

The tumor cells are typically immunoreactive for AE1/AE3 and/or CAMS.2 antibodies; About 50% of cases are positive for PSA. Staining for 
PSA in the conventional prostate carcinoma is variable, ranging from 1% to 100% 

Differential diagnosis 

Major differential diagnosis is pleomorphic urothelial carcinoma. Admixed conventional adenocarcinoma with a Gleason score 9 is present in 
almost all cases of pleomorphic giant cell adenocarcinoma and provides useful clue. Immunohistochemical markers may aid in differential 
diagnosis 

Primary giant cell carcinoma should be distinguished from sarcomatoid carcinoma exhibiting occasional pleomorphism and tumors with 
osteoclast-type or trophoblastic giant cells, as well as from metastases. Pleomorphic giant cell carcinoma lacks spindle cell component 
Gleason grading and clinical significance 

Pleomorphic giant cell carcinoma component is not Gleason-graded. Admixed acinar adenocarcinoma component is assigned Gleason score 
based on usual architecture 

Some patients have a history of conventional prostate cancer treated with hormone or radiation therapy before the diagnosis of pleomorphic 
giant cell carcinoma 

The disease course is very aggressive 


Fig.6.12 (a-c) The pleomorphic giant cell variant is an exceptionally | Admixed conventional adenocarcinoma with a Gleason score 9 is pres- 
rare variant of adenocarcinoma with giant, bizarre, anaplastic cells con- ent in almost all cases of pleomorphic giant cell adenocarcinoma and 
taining pleomorphic nuclei and lacking a spindle cell component. This provides a useful clue 

morphology may resemble that of pleomorphic urothelial carcinoma. 
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6.10 Sarcomatoid Carcinoma 
(Carcinosarcoma) [2, 9] 


Table 6.10 Sarcomatoid carcinoma (carcinosarcoma) 


Microscopical features (Fig. 6.13) 

Low-power architecture 

Usually a biphasic tumor, with epithelial/glandular component showing variable Gleason patterns or epithelial differentiation and sarcomatoid 
component often exhibiting nondescript malignant spindle cell proliferation 

In some cases, pure mesenchymal differentiation may be present 

Heterologous mesenchymal differentiation can also be present, including osteosarcoma, leiomyosarcoma, chondrosarcoma, and 
rhabdomyosarcoma 

High-power cytology 

Marked nuclear crowding, nuclear pleomorphism, atypical mitoses, and necrosis are commonly present 

Immunohistochemical features 

The epithelial elements are variably positive for PSA and/or pancytokeratins, whereas the sarcomatoid elements react with markers of 
corresponding mesenchymal differentiation and variably express cytokeratins, and PSA is frequently undetectable 

Broad-spectrum cytokeratins including HMWCK should be used 

Aberrant reactivity for keratins can occur in some leiomyosarcomas; this finding alone is usually insufficient to identify a tumor as of epithelial 
origin (see Fig. 11.6). A panel of keratins and mesenchymal markers should be utilized 

Differential diagnosis (see also Figs. 11.1, 11.2, 11.5, 11.6, 11.7 and 11.8) 

Tumors of specialized prostatic stroma, primary sarcoma, and sarcomatoid carcinoma of the urinary bladder 

History of previous prostate cancer and treatment, presence of variable epithelial differentiation, and immunohistochemistry help in the 
differential diagnosis 

Differentiation from primary sarcoma can be especially difficult but is often clinically unimportant 

Gleason grading and clinical significance 

Sarcomatoid carcinoma should not be Gleason-graded 

Patients tend to be older men who often present with symptoms of urinary obstruction 

Sarcomatoid carcinoma may be a de novo diagnosis, but patients usually have a previous history of prostate carcinoma treated with radiation 
and/or hormonal therapy 

Serum PSA can be normal or undetectable, despite the frequent presence of nodal and distant metastases 

The 5-year survival rate is less than 40% 
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Fig. 6.13 Sarcomatoid carcinoma has high-grade undifferentiated nent in sarcomatoid carcinoma is malignant. Extensive sampling is 
spindle cell sarcoma with a myxoid background (a). Acinar carcinoma usually required to document the presence of the epithelial component. 
is present (arrow) and is intimately admixed with the sarcomatoid com- History of previous prostate carcinoma is also very useful to diagnose a 
ponent (b). In contrast to prostate stromal sarcoma, epithelial compo- sarcomatoid carcinoma and rule out primary sarcoma 
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6.11 Prostatic Intraepithelial Neoplasia- 
Like (PIN-Like) Adenocarcinoma 
[10-12] 


Table 6.11 Prostatic intraepithelial neoplasia-like (PIN-like) adenocarcinoma 


Microscopical features (Figs. 6.14, 6.15 and 6.16) 

Low-power architecture 

Proliferation of crowded large glands with basophilic cytoplasm demonstrates pseudostratified growth of neoplastic cells in flat and/or tufted 
patterns similar to HGPIN glands. Glands with cribriform or papillary growth pattern are not compatible with the diagnosis of PIN-like 
adenocarcinoma 

One common feature seen in PIN-like carcinoma is marked cystic dilatation of cancer glands to a degree that only strips of, not intact, glands 
may be seen in biopsy 

A separate component of usual acinar carcinoma or typical ductal adenocarcinoma may be seen 

High-power cytology 

Some cases have acinar-type morphology with round nuclei and non-columnar epithelium and some cases demonstrate elongated nuclei with 
pseudostratified columnar epithelium diagnostic of ductal adenocarcinomas. When cancer glands are lined with stratified elongated nuclei, they 
are also referred to as PIN-like ductal adenocarcinoma 

Significant nuclear enlargement and hyperchromasia are usually present but PIN-like carcinoma usually shows less prominent nucleoli than 
HGPIN 

Immunohistochemical features 

Basal cell markers are negative and are required for the diagnosis 

AMACR and ERG are variably expressed 

Differential diagnosis 

HGPIN 

Compared to HGPIN, PIN-like carcinoma (see Fig. 6.14) demonstrates glandular crowding with scant intervening stroma between the glands. 
The lack of basal cell staining and AMACR expression supports the diagnosis. The diagnosis of PIN-like carcinoma requires several atypical 
glands demonstrating PIN-like architecture and lack of basal cell staining. The diagnosis should be made cautiously in the presence of few 
glands, as in this circumstance, the diagnosis of HGPIN cannot be excluded based on morphological or immunohistochemical features 
Ductal adenocarcinoma 

A diagnosis of ductal adenocarcinoma (see Figs. 6.17 and 6.18) is warranted when true papillary, cribriform, solid architecture, and necrosis 
are present. In contrast, only flat and tufted patterns are seen in PIN-like carcinoma. Furthermore, ductal adenocarcinoma may show patchy 
basal cell staining as opposed to complete absence in PIN-like carcinoma 

Gleason grading and clinical significance 

Usually considered to be Gleason score 3 + 3 = 6 carcinoma. The reported clinical follow-up is very brief, at only 5 months, so definitive 
conclusions regarding the clinical behavior or long-term outcome of this variant are unknown 


Fig. 6.14 PIN-like adenocarcinoma appears as a focus of crowded cancer glands are more crowded than HGPIN (a). Cancer glands are 
large glands. Each individual cancer gland is large and has flat or irreg- entirely devoid of basal cells and are focally weakly positive for 
ular contours with tufted lumens similar to HGPIN glands. However, AMACR (b) 


82 6 Histologic Variants of Acinar Adenocarcinoma, Ductal Adenocarcinoma, Neuroendocrine Tumors, and Other Carcinomas 


Fig. 6.15 Cancer glands in PIN-like adenocarcinoma may be 
markedly dilated creating strips of epithelium at the edge of the 
biopsy and thus may create diagnostic difficulty 


Fig. 6.16 In PIN-like carcinoma, cancer glands are lined with pseudostratified cells. Nuclei are either round (a) or elongated similar to ductal 
adenocarcinoma (b). Some tumors show less prominent nucleoli than HGPIN 
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6.12 Ductal Adenocarcinoma [2, 12-14] 


Table 6.12 Ductal adenocarcinoma 


Microscopical features (Figs. 6.17, 6.18, 6.19 and 6.20) 

Low-power architecture 

Ductal adenocarcinoma grows within and expands the prostatic urethra and periurethral ducts or more commonly involves peripheral zone 
prostatic ducts and acini 

A variety of architectural patterns often intermingle, including confluent cribriform, papillary, and solid 

Cancer glands are lined by pseudostratified tall columnar cells with abundant amphophilic cytoplasm 

In papillary pattern, true fibrovascular cores are seen 

In cribriform pattern, lumina are often compressed with slit-like architecture 

Majority of ductal adenocarcinoma is found in association with acinar adenocarcinoma 

Ductal adenocarcinoma commonly demonstrates intraductal spread into preexisting ducts with preservation of basal cell layers 

High-power cytology 

Cytological atypia is minimal in some cases, but most cases demonstrate nuclear atypia, including nuclear pleomorphism and mitoses and 
necrosis 

Immunohistochemical features 

Positive for PSA, NKX3.1, prostate-specific membrane antigen (PSMA), and usually negative for HMWCK and p63, although residual basal 
cell layer is common with intraductal spread 

PTEN loss and ERG overexpression are less common in ductal adenocarcinoma than usual acinar adenocarcinoma 

Differential diagnosis 

Urothelial carcinoma. Centrally located tumors often present with papillary or solid morphology and may be confused with high-grade, poorly 
differentiated urothelial carcinoma (see Fig. 6.18). Urothelial carcinoma often has prominent cytological pleomorphism, nested morphology, 
and lack acinar differentiation. A panel of PSA, PSMA, NKX3.1, HMWCK 903, p63, and GATA3 is helpful and typically required in this 
differential 

Secondary involvement by colonic adenocarcinoma. Presence of more typical ductal and/or acinar morphology, along with an 
immunohistochemical panel of PSA, PSMA, f-catenin, CDX-2, and villin can be helpful. Colorectal tumors often demonstrate luminal dirty 
necrosis and are negative for PSA and PSMA whereas often positive for later B-catenin, CDX-2, and villin 

HGPIN. In needle biopsies, PIN-like morphology of ductal carcinoma is often confused for HGPIN (see Fig. 6.16b). Presence of numerous 
crowded glands is a helpful to separate from HGPIN. Basal cell markers also may help in this differentiation, but lack of basal cell staining in 
small focus does not rule out HGPIN diagnosis. Definitive distinction may not be feasible in small needle biopsy samples, and possibility of 
PIN-like ductal carcinoma should be raised 

Prostatic urethral polyp. Centrally located tumors in small biopsy samples may mimic prostatic urethral polyp. Prostatic urethral polyps are 
polypoid nodules consisting entirely of benign-appearing prostatic acini lined by prostatic glandular epithelium and urothelium 

Gleason grading and clinical significance 

Ductal adenocarcinomas are more aggressive than acinar carcinoma, present at more advanced stages (non-organ-confined disease) and are 
now regarded as Gleason pattern 4 or pattern 5 with necrosis. PIN-like ductal adenocarcinoma is graded Gleason pattern 3 

Pure ductal adenocarcinoma is rare (1.3%); majority has mixed ductal and acinar morphology (incidence of ~5%) 

Periurethral or centrally located tumor may manifest with urinary obstruction and hematuria 

Ductal adenocarcinoma seen only in small transurethral biopsies may require transrectal ultrasound-guided prostate needle biopsy sampling to 
document true extent of disease, as this disease is usually associated with large volume tumor with frequent acinar adenocarcinoma component 
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Fig. 6.17 Ductal adenocarcinoma showing both cribriform (a, b) and papillary patterns (c, d). In cribriform pattern, glands are lined by tall 
columnar cells with irregular slit-like lumina (a, b). There is similar lining epithelium in papillary component (ce, d) 


Fig. 6.18 (a, b) Ductal adenocarcinoma with solid and papillary growth 
patterns. Ductal adenocarcinoma often grows within the urethra as a papil- 
lary or polypoid mass. The tumor often has prominent papillary or solid 
architecture that is typically encountered in transurethral resection speci- 


mens where the distinction from urothelial carcinoma could be problem- 
atic. An immunohistochemical panel of p63, high molecular weight 
cytokeratin (HMWCK) 903 (34BE12), PSA, NKX3.1, PSMA, and 
GATA3 should be performed to rule out high-grade urothelial carcinoma 
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Fig.6.19 Ductal carcinoma often demonstrates intraductal spread 
Fig. 6.20 Ductal adenocarcinoma is graded as pattern 4; cases with 


intraluminal necrosis (shown) or with solid architecture are graded as 
pattern 5 


Fig. 6.21 Ductal carcinoma in needle biopsy often is fragmented. presence of fibrovascular cores in some glands suggesting a papillary 
Note confluent proliferation of cribriform glands (a) with slit-like architecture (arrow, b) 
lumina and pseudostratified tall columnar epithelium (b). Also note the 
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Malignant 
transformation of NE 
or neural cells 


De novo primary small cell 
carcinoma of the prostate (<1%) 


Fig. 6.22 Current model of neuroendocrine differentiation in prostate 
cancer [15]. Neuroendocrine prostate cancer (NEPC) is a lethal form of 
prostate cancer, with most patients dying within 1-2 years of diagnosis. 
Pure de novo small cell carcinoma of the prostate gland is rare (<1% of 
cases) that likely arises from malignant transformation of preexisting 
neuroendocrine or neural tissue within the prostate gland. In contrast, 
clear majority of neuroendocrine prostate carcinomas arise from con- 
ventional treatment naive acinar adenocarcinoma of the prostate. There 
are spectrums of diseases emerge upon therapeutic resistance to andro- 
gen deprivation therapy specifically with the use of potent newer gen- 
eration androgen receptor signaling inhibitors: enzalutamide and 
abiraterone. These diseases can be androgen receptor (AR) independent 
or AR dependent. The development of NE phenotype is AR indepen- 
dent. Pure small cell carcinoma comprises small proportion of cases 


6.13 The 2016 World Health 
Organization(WHO) Pathologic 
Classification and Clinical Significance 
of Neuroendocrine (NE) 
Differentiation in Prostate Carcinoma 
[2, 16-17] 


AR dependent 


CRPC with standard 
phenotypic features 
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Neuroendocrine 
prostate cancer 


Treatment emergent 
trans differentiation 
of NE cells 


Treatment naive prostate 
adenocarcinoma (99%) 


Resistance to androgen 
deprivation therapy and 
newer generation of 
androgen receptor 
signaling inhibitors 
(Enzylutamide and 
Abiraterone) 


Spectrum of diseases upon 
emergence of therapeutic 
resistance 


AR independent 


Pure small 
cell PCa 


Treatment emergent 
mixed NE PCa 


with clear majority are of mixed acinar and high-grade NE type which 
is also termed as treatment-emergent transformed neuroendocrine pros- 
tate cancer. AR-dependent prostate cancer has standard phenotypic fea- 
tures and is termed as castration-resistant prostate cancer (CRPC). NE 
differentiation in prostate cancer is characterized by loss of androgen 
receptor expression, loss of retinoblastoma tumor suppressor gene, 
amplification of Aurora kinase A and N-Myc, activation of PIMP-1, 
CD44 expression, and increased cellular proliferation. TMPRSS2: ERG 
gene fusions in small cell NE prostate carcinoma are seen in similar 
frequency like acinar adenocarcinoma and are concordant between aci- 
nar and small cell NE carcinoma components indicating a common cel- 
lular origin for NE transdifferentiation. NE, neuroendocrine; ADT, 
androgen deprivation therapy; AR, androgen receptor; CRPC, 
castration-resistant prostate cancer 


Table 6.13 The 2016 world health organization (WHO) pathologic 
classification and clinical significance of neuroendocrine (NE) differen- 
tiation in prostate carcinoma 


Type of neuroendocrine 


(NE) differentiation Clinical significance 


Usual prostate 
adenocarcinoma with 
NE differentiation 
Adenocarcinoma with 
Paneth cell NE 
differentiation 


Well-differentiated NE 
tumor 


Small-cell carcinoma 
Large cell 
neuroendocrine 
carcinoma (LCNEC) 
Mixed (small or large 
cell) NE carcinoma — 
acinar/ductal 
adenocarcinoma 


No significance on outcome; should be 
Gleason-graded; Paneth cells in nests/ 
cords are not Gleason-graded as such 
tumors do not behave like Gleason pattern 
5 prostate cancer; routine use of NE 
markers without morphological evidence 
of NE differentiation is not recommended 
Protracted prognosis; do not Gleason 
grade; differentiate from Carcinoid-like 
prostate adenocarcinoma 

Dismal prognosis; do not Gleason grade 


Dismal prognosis; any amount of small/ 
large cell NE component should be 
reported; Gleason grade only acinar 
component 
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6.14 Small-Cell Neuroendocrine (NE) 
Carcinoma [2, 7, 17] 


Table 6.14 Small-cell neuroendocrine (NE) carcinoma 


Microscopical features (Figs. 6.24 and 6.25) 

Low-power architecture 

Relatively uniform population of small- to intermediate-sized blue cells with scant cytoplasm and hyperchromatic nuclei arranged in diffuse 
sheets or broad organoid nests 

Small cell component may be intimately mixed with acinar component 

High-power cytology 

Nuclei demonstrate molding, fine, powdery chromatin, and inconspicuous nucleoli 

Apoptotic bodies and mitoses are numerous 

Necrosis is usually conspicuous 

Immunohistochemical and molecular features 

Cancer cells positive for one or more NE markers, including synaptophysin, chromogranin A, and CD56 in >90% of cases. CD56 is the most 
sensitive marker, while chromogranin A is the most specific. Neuron-specific enolase (NSE) positivity alone in absence of positivity for one of 
three above NE markers is not considered an evidence for NE differentiation 

Evidence of hormone production, including adrenocorticotropic hormone, calcitonin, serotonin, and antidiuretic hormone, can be demonstrated 
by immunostaining 

High proliferation demonstrated by Ki-67 (>80%) 

PSA and PSAP are typically negative (~80%) or very focal positive in the small cell component 

~20-30% cases demonstrate expression of basal cell markers p63 and CK 903 

TTFI expression may be positive; therefore, it does not discriminate between a small cell carcinoma arising in the prostate and metastasis from 
the lung 

Higher frequency of TMPRSS2: ERG gene fusions (~60%) and these gene fusions are concordant between small cell carcinoma and acinar 
carcinoma components. Detection of ERG gene fusions is a specific marker of primary prostate origin. TMPRSS2: ERG fusion in small cell 
carcinoma does not reliably generate ERG protein overexpression by IHC, unlike in usual acinar carcinoma 

Differential diagnosis 

Poorly differentiated prostate adenocarcinoma; small cell carcinoma from other sites; other blue cell tumors (lymphoma, primitive 
neuroectodermal tumor [PNET], and rhabdomyosarcoma); and rarely primary carcinoid tumor 

Detection of TMPRSS2: ERG gene fusion is diagnostic of primary prostate origin 

Careful analysis of patient’s age, clinical findings, morphology, and a panel of immunohistochemical markers (NE markers, Prostate markers, 
and Ki-67) usually lead to a definitive diagnosis 

Gleason grading and clinical significance 

Small cell carcinoma should not be Gleason-graded; acinar component in mixed small cell-acinar adenocarcinoma should be Gleason-graded 
The prognostic significance of neuroendocrine differentiation (presence of cytoplasmic neuroendocrine granules or cells positive for 
neuroendocrine markers; Fig. 6.23) in an ordinary acinar prostate carcinoma is uncertain and usually inconsequential. Routine use of NE 
markers without morphological evidence of NE differentiation is not recommended 

The clinical outcome for both pure small cell carcinoma and mixed small cell and acinar forms is extremely poor 

The emergence of a small cell component during acinar prostate carcinoma signals an aggressive terminal phase of the disease. The average 
median survival time after the diagnosis is 7-17 months 

Treatment typically consists of platinum-based chemotherapy for small cell carcinoma component 


Fig. 6.23 Conventional prostate adenocarcinoma demonstrates 
Paneth cell-like NE differentiation, characterized by occasional 
cells with bright eosinophilic cytoplasmic granules resembling 
Paneth cells (arrows) of the gastrointestinal tract. The 
significance of such NE differentiation is controversial, but 
overall data do not indicate an adverse prognosis. Paneth cell 
NE differentiation in gland-forming carcinoma should be 
assigned Gleason grade, but Paneth cell NE differentiation in 
non-gland-forming carcinoma (nests/cords) should not be 
assigned Gleason grade as such tumors typically do not behave 
like Gleason pattern 5 prostate cancer (see also Fig. 5.47) 
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Fig. 6.24 Small cell carcinoma involving the prostate shows baso- carcinoma of the prostate is identical to its pulmonary counterpart with 
philic tumor cells arranged in haphazard nests and trabeculae with infil- scant cytoplasm, spindling of nuclei with salt-and-pepper chromatin, 
tration between benign glands (a). At higher magnification, small cell indistinct nucleoli, increased mitosis, and apoptosis (b) 


Fig.6.25 Presence of acinar differentiation (left side of the 
image) in mixed small cell-acinar adenocarcinoma is a very 
useful feature to suggest the prostate origin. Small cell 
carcinoma, regardless of its amount in prostate biopsy, should 
be reported due to its prognostic and therapeutic significance. 
Only acinar component should be Gleason-graded 


6.15 Utility of Immunohistochemistry in Neuroendocrine Tumors of the Prostate 


Fig. 6.26 Prostate adenocarcinoma is occasionally composed of uni- 
form cells forming acini and organoid nests that superficially resemble 
well-differentiated NE tumor (carcinoid tumor) (a). Cells may occa- 
sionally express NE markers. But note here that nuclear features are 
more typical of prostatic adenocarcinoma, with open chromatin and 
nucleolar prominence, rather than the granular chromatin and incon- 
spicuous nucleoli of a carcinoid tumor (b). Lack of diffuse NE marker 


6.15 Utility of Immunohistochemistry 
in Neuroendocrine Tumors 


of the Prostate 


Table 6.15 Utility of immunohistochemistry in neuroendocrine tumors of the prostate 


Type of NE differentiation — PSA 
Conventional PCa Positive 

PCa with Paneth cell NE differentiation Variably positive 
Carcinoid-like tumor Positive 
Well-differentiated NE tumor (carcinoid Negative 


tumor) 
Small cell carcinoma 


cells 

Large cell NE carcinoma Usually negative but may be 
positive 

Mixed NE(SC/LC) usual PCa Same as above for each 
component 


NE neuroendocrine 


Usually negative or scattered + 


reactivity (not shown) and strong reactivity for PSA (c) suggest that this 
is not a true carcinoid tumor but an unusual carcinoid-like morphology 
of prostate adenocarcinoma (c). The diagnosis of well-differentiated 
NE tumor should be made using strict diagnostic criteria, and such 
tumors should be graded analogues to Carcinoid tumor of GI tract using 
mitotic count and Ki-67 proliferation rate 


Scattered + cells 

Diffuse positive in Paneth cells 
Scattered + cells 

Diffusely positive 


SS 
Not increased in NE cells 
Not increased 
Not studied 
Typically low 


Positive in majority (90%) of 
cases 
Diffusely positive 


>50%, typically >80% 
Usually >80% 


Same as above for each 
component 


Same as above for each 
component 
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6.16 Urothelial Carcinoma 


6.16 Urothelial Carcinoma [2, 18-19] 


Table 6.16 Urothelial carcinoma 


Microscopical features (Fig. 6.28) 
Low-power architecture 
Urothelial carcinoma involving the prostate is of two types: 
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1. The most common form is bladder urothelial carcinoma spreading into and expanding the preexisting prostate ducts and acini 
Prostatic stroma invasion is characterized by small, irregular nests, cords, or single cells with stromal retraction or desmoplastic and inflamed 


stroma 


2. Rarely, urothelial carcinoma arises within the prostate without concomitant bladder carcinoma 


High-power cytology 

Nuclei are high grade and pleomorphic with frequent central necrosis 
Squamous and/or glandular differentiation may be present 
Immunohistochemical features 


Prostate urothelial carcinoma cells are negative for prostate-specific markers 
Majority express CK7, CK20, basal cell markers p63 and HMWCK, and GATA3 


Differential diagnosis 


Urothelial carcinoma involving prostatic ducts and acini often mimic intraductal spread of high-grade prostate adenocarcinoma or invasive, 
poorly differentiated prostate adenocarcinoma (see Fig. 8.5). Presence of conventional acinar differentiation suggests prostate adenocarcinoma. 
Prostate adenocarcinoma often has relatively monotonous cytological atypia. A panel of PSA, NKX3.1, PSMA, basal cell markers HMWCK 
K903 and p63, and GATA3 can be used for this differential diagnosis. Urothelial carcinomas are variably positive for basal cell markers and 
GATA3 and negative for prostate-specific markers. Preexisting peripheral basal cells may also be highlighted by basal cell markers 

Urothelial metaplasia typically does not fill and expand the ducts and are characterized by cytologically benign urothelial cells 


Clinical significance 


Primary prostate urothelial carcinoma is rare, with the majority representing secondary involvement by urothelial carcinoma cells from the 


bladder or urethra 


Biopsies of the bladder should be performed to rule out primary bladder disease 

The invasion of bladder or urethral cancer into prostate stroma can occur via two routes: transmucosal and transmural. Transmucosal 
involvement occur either by direct extension from the prostatic urethral urothelial surface or by invasion from prostatic ducts. This is staged as 
T2. The bladder cancer can directly invade through the bladder wall to invade prostatic stroma, seminal vesicles, or other adjacent organs. This 
transmural invasion is staged as T4a. There is significant difference in survival for these two stages [2] 

Differentiation from prostate adenocarcinoma is crucial as these tumors do not respond to androgen deprivation therapy and should be treated 


by radical cystoprostatectomy with lymph node dissection 


Fig. 6.28 In urothelial carcinoma of the prostate, preexisting acini/ 
ducts are expanded by high-grade pleomorphic cells without evidence 
of stromal invasion (a). At higher magnification, cytological pleomor- 
phism of tumor cells and scattered peripheral basal cells are visible (b). 
This presentation mimics intraductal spread of high-grade prostate can- 
cer. Stromal invasion is characterized by small irregular nests or single 


cells with stromal retraction artifacts and desmoplastic stroma (c). 
Invasion of stroma through prostatic ducts indicates stage II disease. 
Strong reactivity for p63 in tumor cells supports the diagnosis of uro- 
thelial carcinoma; benign prostate glands demonstrate a peripheral 
layer of basal cells (d) 
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Fig. 6.28 (continued) 


6.17  Squamos and Adenosquamos Cell 
Carcinoma (SCC) [2] 


Table 6.17 Squamous and adenosquamous cell carcinoma (SCC) 


Microscopical features (Fig. 6.29) 

Low-power architecture 

Identical to SCC of other anatomic sites 

Pure SCC does not contain any malignant glandular component 

Adenosquamous carcinoma harbors both malignant glandular and squamous components that can be distinct or exhibit direct transition from 
one pattern to another 

High-power cytology 

Depending on the degree of squamous differentiation, variable degree of keratin pearls or cytoplasmic keratinization is present 
Immunohistochemical features 

The malignant squamous component is in most cases negative for PSA and PSAP but positive for HMWCK and p63 

Malignant glandular component variably expresses PSA and PSAP 

Differential diagnosis 

Prostate carcinoma after radiation or hormonal ablation treatment may exhibit prominent squamous differentiation, but the conventional acinar 
component is usually present 

SCC should be differentiated from squamous metaplasia secondary to prostate infarcts or hormonal and radiation therapy (Fig. 6.30). 
Squamous metaplasia adjacent to infarcts may demonstrate atypia but is associated with inflammation and is reactive in nature 
Radiation-induced atypia is degenerative in nature, and the process is not infiltrative and lacks the architecture disarray, destructive stromal 
reaction, and neoplastic nuclear atypia seen in the squamous or adenosquamous cell carcinoma 

Secondary involvement of the prostate by a carcinoma with squamous differentiation from the bladder or other sites should be ruled out on 
clinical grounds 

Gleason grading and clinical significance 

SCC and adenosquamous carcinoma should not be graded 

SCC account for less than 0.5% of all prostate cancers 

An association between schistosomiasis and SCC of the bladder and prostate has been documented 

Adenosquamous carcinoma is even rarer and may arise in patients with prostrate carcinoma after hormonal and radiation therapy 
Squamous and adenosquamous carcinoma without such predisposing factors have been also documented 

Clinically, patients present with symptoms of advanced stage prostate carcinoma, including urinary obstruction, hematuria, bone pain, and 
markedly abnormal digital rectal examination. The PSA level is usually normal 

Prostate squamous and adenosquamous cell carcinoma are extremely aggressive diseases and are resistant to androgen deprivation, radiation 
therapy, and chemotherapy 

In rare cases of organ-confined disease, patients may benefit from locally aggressive radical surgery 


6.17 Squamos and Adenosquamos Cell Carcinoma (SCC) 


Fig. 6.29 Pure SCC of the prostate, consisting of infiltrating nests of 
partially necrotic malignant cells between benign glands and a desmo- 
plastic stroma (a). At higher magnification, evidence of squamous dif- 
ferentiation in the form of cytoplasmic eosinophilia is noted in some 


cells (b). Before a diagnosis of pure SCC is rendered, extensive sam- 
pling is required to rule out a conventional prostate carcinoma or uro- 
thelial carcinoma. Lack of history of previous prostate cancer may also 
help establish the diagnosis of pure SCC 


Fig. 6.30 This transurethral resection of the prostate after ablative 
therapy shows necrotizing squamous metaplasia within the hyperplastic 
prostate glands mimicking SCC. At low power, lobulated appearance of 


the lesion (a) and, at high power (b), lack of definitive infiltrative fea- 
tures suggest the diagnosis of necrotizing squamous metaplasia. 
Knowledge of previous therapy is also helpful in difficult cases 
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6.18 Basal Cell Carcinoma (BCC) [2, 20] 


Table 6.18 Basal cell carcinoma (BCC) 


Microscopical features (Fig. 6.31) 

Low-power architecture 

Infiltrating nests, cords, trabeculae, and sheets or cribriform proliferation of basaloid cells that may exhibit peripheral palisading 

May demonstrate prominent luminal formation with cribriform architecture similar to “adenoid cystic carcinoma” of salivary glands 
Infiltrative growth pattern is often characterized by desmoplastic stroma, invasion into preexisting structures, extraprostatic extension, 
perineural invasion, and tumor necrosis may be present 

High-power cytology 

Nuclear features are similar to basal cell hyperplasia characterized by high N:C ratio, hyperchromatic ovoid coffee bean-type nuclei, and 
nuclear stratification 

Immunohistochemical features 

BCC is positive for basal cell markers p63 and HMWCK 903 

Prostate-specific markers PSA, PSAP, and PSMA are negative 

High Ki-67 proliferative activity (>20%) compared to basal cell hyperplasia (<5%) 

Differential diagnosis 

Differentiation from basal cell hyperplasia depends on identifying unequivocal features of malignancy, including infiltrative growth pattern, 
stromal desmoplasia, perineural and lymphovascular invasion, necrosis, and extraprostatic extension. Immunohistochemical features are not 
reliable in this separation 

Prostate adenocarcinoma may rarely demonstrate basaloid features characterized by diffuse p63 positivity, but tumor is typically negative for 
HMWCK and positive for PSA 

Extension of anal basaloid carcinoma and adenoid cystic carcinoma of the Cowper’s glands should also be excluded. The distinction relies on 
history and determining the epicenter of the tumor 

Clinical significance 

BCC of the prostate is extremely rare and often manifests with symptoms of urinary obstruction 

Serum PSA is often not elevated 

The clinical outcome of BCC is uncertain due to insufficient data, although tumors usually present with locally advanced disease including 
extraprostatic extension. Distant metastasis has been reported 

High Ki-67 staining in BCC is correlated with tumor aggressiveness 


a” =: : 2 AS ix 

Fig. 6.31 Basal cell carcinoma with a solid and cribriform architec- dense, haphazardly arranged with infiltrative features characterized by 
ture, mimicking basal cell hyperplasia (a). The distinction from basal edematous desmoplastic stroma, destruction of smooth muscle, and 
cell hyperplasia is especially difficult in needle biopsy samples, as cells perineural invasion (b). Infiltrative growth is the hallmark of BCC and 


can be relatively bland and infiltrative features may not be easily appre- is required to differentiate from florid basal cell hyperplasia 
ciated. In contrast to basal cell hyperplasia, tumor cells in BCC are 


References 


References 


10. 


11. 


. Humphrey PA. Variants of acinar adenocarcinoma of the prostate 


mimicking benign conditions. Mod Pathol. 2018;31:S64—70. 


. Moch H, Humphrey PA, Ulbright TM, Reuter VE, editors. WHO 


classification of tumours of the urinary system and male genital 
organs. Lyon: International Agency for Research on Cancer; 2016. 


. Brimo F, Epstein JI. Immunohistochemical pitfalls in prostate 


pathology. Hum Pathol. 2012;43:313-24. 


. Wolters T, van der Kwast TH, Vissers CJ, Bangma CH, Roobol M, 


Schröder FH, et al. False-negative prostate needle biopsies: fre- 
quency, histopathologic features, and follow-up. Am J Surg Pathol. 
2010;34:35—-43. 


. Yaskiv O, Cao D, Humphrey PA. Microcystic adenocarcinoma of 


the prostate: a variant of pseudohyperplastic and atrophic patterns. 
Am J Surg Pathol. 2010;34:556-61. 


. Lane BR, Magi-Galluzzi C, Reuther AM, Levin HS, Zhou M, Klein 


EA. Mucinous adenocarcinoma of the prostate does not confer poor 
prognosis. Urology. 2006;68:825-30. 


. Han B, Mehra R, Suleman K, Tomlins SA, Wang L, Singhal N, 


et al. Characterization of ETS gene aberrations in select histologic 
variants of prostate carcinoma. Mod Pathol. 2009;22:1176-85. 


. Parwani AV, Herawi M, Epstein JI. Pleomorphic giant cell adeno- 


carcinoma of the prostate: report of 6 cases. Am J Surg Pathol. 
2006;30:1254-9. 


. Hansel DE, Epstein JI. Sarcomatoid carcinoma of the prostate: a 


study of 42 cases. Am J Surg Pathol. 2006;30:1316-21. 

Hameed O, Humphrey PA. Stratified epithelium in prostatic adeno- 
carcinoma: a mimic of high-grade prostatic intraepithelial neopla- 
sia. Mod Pathol. 2006;19:899-906. 

Tavora F, Epstein JI. High-grade prostatic intraepithelial neopla- 
sialike ductal adenocarcinoma of the prostate: a clinicopathologic 
study of 28 cases. Am J Surg Pathol. 2008;32:1060-7. 


12, 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


95 


Zhou M. High-grade prostatic intraepithelial neoplasia, PIN-like 
carcinoma, ductal carcinoma, and intraductal carcinoma of the 
prostate. Mod Pathol. 2018;31:S71-9. 

Brinker DA, Potter SR, Epstein JI. Ductal adenocarcinoma of the 
prostate diagnosed on needle biopsy: correlation with clinical and 
radical prostatectomy findings and progression. Am J Surg Pathol. 
1999;23:1471-9. 

Dube VE, Farrow GM, Greene LF. Prostatic adenocarcinoma of 
ductal origin. Cancer. 1973;32:402-9. 

Aggarwal R, Zhang T, Small EJ, Armstrong AJ. Neuroendocrine 
prostate cancer: subtypes, biology, and clinical outcomes. J Natl 
Compr Cancer Netw. 2014;12:719-26. 

Epstein JI, Amin MB, Beltran H, Lotan TL, Mosquera JM, 
Reuter VE, et al. Proposed morphologic classification of prostate 
cancer with neuroendocrine differentiation. Am J Surg Pathol. 
2014;38:756-67. 

Lotan TL, Gupta NS, Wang W, Toubaji A, Haffner MC, Chaux A, 
et al. ERG gene rearrangements are common in prostatic small cell 
carcinomas. Mod Pathol. 201 1;24:820-8. 

Shen SS, Lerner SP, Muezzinoglu B, Truong LD, Amiel G, Wheeler 
TM. Prostatic involvement by transitional cell carcinoma in patients 
with bladder cancer and its prognostic significance. Hum Pathol. 
2006;37:726-34. 

Kunju LP, Mehra R, Snyder M, Shah RB. Prostate-specific anti- 
gen, high-molecular-weight cytokeratin (clone 34betaE12), and/or 
p63: an optimal immunohistochemical panel to distinguish poorly 
differentiated prostate adenocarcinoma from urothelial carcinoma. 
Am J Clin Pathol. 2006;125:675-81. 

McKenney JK, Amin MB, Srigley JR, Jimenez RE, Ro JY, Grignon 
DJ, et al. Basal cell proliferations of the prostate other than usual 
basal cell hyperplasia: a clinicopathologic study of 23 cases, 
including four carcinomas, with a proposed classification. Am J 
Surg Pathol. 2004;28:1289-98. 


® 


Check for 
updates 


Benign Mimics of Prostate Carcinoma 


The diagnosis of prostate carcinoma, especially when pres- 
ent in a limited amount in biopsy, is often challenging 
because numerous benign conditions have architectural and 
cytological features overlapping with and mimicking carci- 
noma. These mimics include various anatomic structures, 
inflammatory and reactive conditions, and pathophysiologi- 
cal conditions, including atrophy, hyperplasia, and metapla- 
sia [1-5]. Many of these lesions are readily recognized and 
separated from malignancy, but some may cause potential 
diagnostic difficulties [6, 7]. 

A useful approach to classifying benign mimics is based 
on major growth patterns of prostate carcinoma outlined in 
the Gleason grading system. This approach provides a con- 
ceptual framework for considering differential diagnoses. 
Three major growth patterns are encountered: small well- 
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formed gland pattern mimicking Gleason pattern 3 carcino- 
mas; cribriform growth pattern mimicking Gleason pattern 4 
carcinomas; and poorly formed/fused gland/nest/single cell 
pattern mimicking Gleason pattern 4 or 5 carcinomas. Most 
benign lesions mimic small gland (acinar) adenocarcinoma; 
however mixture of growth patterns is also commonly 
encountered. 

Before establishing a cancer diagnosis, pathologists 
should always consider and rule out various benign lesions 
that mimic carcinoma. Immunohistochemical markers 
should be utilized to support the morphological impression, 
and one should be aware about pitfalls and limitations of 
markers [8—11]. This chapter outlines an overall approach, 
classification, description of pathologic features, and diag- 
nostic pitfalls of each benign entity. 
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98 7 Benign Mimics of Prostate Carcinoma 


Classification of benign mimics of prostate carcinoma 
using architectural pattern-based approach 


Predominant pattern at low power 


Well-formed small to 
mid-sized discrete glands 
(Mimic of Gleason 
pattern 3) 


Poorly formed or fused 
glands/nests/single cells 
(Mimic of Gleason 
Pattern 4 or 5) 


Large cribriform glands 
(Mimic of Gleason 
Pattern 4) 


Organized or 
lobulated 
proliferation 


Reactive benign glands 

Central zone glands 

Clear cell cribriform hyperplasia 
Basal cell hyperplasia 


Haphazard 
proliferation 


Sclerosing adenosis 
Malakoplakia 
Paraganglion 
Granulomatous prostatitis 


Partial atrophy 
Complete atrophy 
Basal cell hyperplasia 
Nephrogenic adenoma 
Radiation atypia 


Normal anatomical 
structures: 
Seminal vesicle/ 
ejaculatory duct 
Cowper's glands 
Verumontanum mucosal 
gland hyperplasia 
Glandular crowding 
Distorted rectal tissue 


Pathophysiological 
conditions: 
Post-atrophic hyperplasia 
Partial atrophy 

Adenosis 

Basal cell adenoma 


Fig. 7.1 Classification of benign mimics using an architectural pattern-based approach 


Histological features commonly 
associated with benign mimics 


Low-power architectural features High-power cytological features 


Circumscribed/ Cytoplasm pale/ Nuclei ocupy full Cellular spindly Well-formed glands Bland nuclear 
lobulated clear or similar to cell height with stroma with occasional features 
markedly atypical (lack of 


proliferation adjacent benign barely visible 
glands cytoplasm nuclei in the significant nuclear 
background of enlargement, 
uniform small nuclei hyperchromasia 


(random atypia) or macronucleoli) 


Radiation atypia Most benign 
Seminal vesicle/ conditions 


Adenosis, 

sclerosing 
adenosis, 

basal cell 
hyperplasia 


Most benign Most benign 
conditions except mimics 
partial atrophy, specifically 
basal cell partial atrophy, 
hyperplasia, adenosis 
nephrogenic 
adenoma, 
radiation atypia 
may present with 
disorganized or 
pseudoinfiltrative 
pattern 


Complete atrophy, 
post-atrophic 


hyperplasia, basal ejaculatory duct 


cell hyperplasia 


Fig. 7.2 Histological features that are commonly associated with and helpful in recognition of benign mimics 
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7.1 Summary of Atypical Morphological 
Features Commonly Encountered 
in Various Benign Mimics of Prostate 


Cancer 


Summary of Atypical Morphological Features Commonly Encountered in Various Benign Mimics of Prostate Cancer 
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Table 7.1 Atypical morphological features commonly encountered in various benign mimics of prostate cancer 


Low-power architecture feature 
Haphazard proliferation of glands 


Intraluminal mucin 
Poorly formed glands 


High-power cytological feature 
Visible nucleoli (typically, micronucleoli visible only at high power) 


Marked random nuclear atypia 


Fig. 7.3 Benign crowded glands showing back-to-back arrangement 
may be a reason for concern, particularly on needle biopsy. At low mag- 
nification a sharp and noninfiltrative border is appreciated. Cytoplasm 
of glands appears clear and similar to adjacent benign gland (arrow). 
There is lack of cytological atypia, and two-cell layer lining of the 
glands can be appreciated 


Partial atrophy 
Nephrogenic adenoma 
Basal cell hyperplasia 
Radiation atypia 
Adenosis 

Sclerosing adenosis 
Nephrogenic adenoma 
Partial atrophy 
Sclerosing adenosis 
Nephrogenic adenoma 


Complete atrophy 
Postatrophic hyperplasia 
Partial atrophy 
Inflammation 

Adenosis 

Sclerosing adenosis 
Basal cell hyperplasia 
Radiation atypia 
Nephrogenic adenoma 
Seminal vesicle/ejaculatory duct epithelium 
Radiation atypia 


Fig. 7.4 Benign prostatic glands can occasionally indent around a 
nerve, mimicking perineural invasion. Perineural involvement by 
benign glands must be distinguished from true perineural invasion by 
carcinoma, which is pathognomonic finding for carcinoma 
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7.2 Seminal Vesicle/Ejaculatory Duct 


Epithelium 


Table 7.2 Seminal vesicle/ejaculatory duct epithelium 


Microscopical features (Fig. 7.5) 
Low-power architecture 


7 Benign Mimics of Prostate Carcinoma 


Well-formed small branching glands budding from central dilated lumina and may be surrounded by smooth muscle 


Golden-brown cytoplasmic lipofuscin pigment 
High-power cytology 


Presence of scattered pleomorphic nuclei (“monster nuclei”) and nuclear pseudoinclusions 


Pleomorphic nuclei are degenerative in atypia and lack mitotic activity 


Immunohistochemical features 


Lack of expression for prostate-specific antigen (PSA) and prostate-specific acid phosphatase (PSAP) 
Positive for high molecular weight cytokeratin (HMWCK) (34BE12) and p63 
Antibodies to MUC6, PAX-2, PAX-8 are positive in seminal vesicle/ejaculatory duct epithelium but are negative in prostate cancer 


Incidence and location 
Present in 4—5% of prostate biopsies 


Seminal vesicle tissue is usually sampled in needle biopsies incidentally but sometimes as a result of targeted sampling 
Ejaculatory duct epithelium is morphologically similar to the seminal vesicle but lacks well-formed smooth muscle wall, and the distinction 


between the two may not be possible 
Differential diagnosis 


Low-grade prostate adenocarcinoma and high-grade prostatic intraepithelial neoplasia (HGPIN) 
A well-differentiated adenocarcinoma demonstrates uniform cytological atypia and rarely demonstrates random nuclear pleomorphism 
Lipofuscin pigment may be present in normal, hyperplastic, PIN, and carcinoma glands. However, pigment in cancer glands is rare and usually 


not prominent 
Common diagnostic pitfalls 


The presence of dark granular cytoplasm and marked cytological atypia in small glands is a common pitfall 
Unless specified as the biopsy of seminal vesicle, the presence of adenocarcinoma in a needle biopsy containing “seminal vesicle”’-type 
epithelium should not be regarded as evidence of seminal vesicle invasion, as ejaculatory duct and seminal vesicle cannot be reliably separated 


from each other in needle biopsy 


Fig. 7.5 In small biopsy samples, seminal vesicle and ejaculatory duct 
structures are usually not distinguishable unless biopsy targeting semi- 
nal vesicle is performed. At low power (a), peripherally located well- 
formed small branching glands with cytoplasmic amphophilia, budding 
from central dilated lumina, are a common feature. Well-formed mus- 
cular layer surrounding glands favors seminal vesicle tissue but usually 
is not present in biopsy samples. At higher magnification (b), the epi- 


thelium lining the lumina and small glands shows nuclear hyperchro- 
masia and random pleomorphism (arrows), also referred to as “monster 
nuclei.” Nuclear pseudoinclusions are commonly seen. Prominent 
golden-brown lipofuscin granules (arrowhead) are typical. Overall, the 
random nuclear atypia with prominent lipofuscin pigment in acini is a 
definitional feature 
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7.3 Verumontanum Mucosal Gland 
Hyperplasia (VMGH) 


Table 7.3 Verumontanum mucosal gland hyperplasia 


Microscopical features (Fig. 7.6) 

Low-power architecture 

Circumscribed collection of small, closely packed acini, frequently present in proximity to urethral lining 

Intraluminal brown-orange amorphous concretions and corpora 

High-power cytology 

Glands lined by bland cells with small nuclei without prominent nucleoli and contain conspicuous layer of basal cells 

Immunohistochemical features 

Identical to benign prostate glands 

Incidence and location 

Frequent finding in radical prostatectomy specimens but an infrequent finding in needle biopsy due to its deep location 

Exclusively in the region of the verumontanum and adjacent posterior urethra where the ejaculatory ducts and utricle empty into the urethra 
Differential diagnosis 

Prostate adenocarcinoma (< Gleason score 6) 

Adenocarcinoma usually has infiltrative features, contains variable cytological atypia, and lacks characteristic brown-orange concretions and 
corpora amylacea of VMGH 

Occasionally VMGH may assume a papillary appearance and may resemble ductal adenocarcinoma although the cells lining the papillae are 
cuboidal without atypia compared to variably atypical stratified epithelium with elongated nuclei in ductal adenocarcinoma 

Common diagnostic pitfalls 

Small glandular architecture and crowding mimic cancer at low magnification 


Fig. 7.6 At low power (a), lobulated collection of relatively uniform, tions (arrow) are a frequent and distinctive feature. At high magnification 
closely packed, round, small acini, frequently accompanied by adjacent (b), the luminal cells have small uniform nuclei and inconspicuous 
urothelial epithelium (arrow), is a common presentation of verumonta- nucleoli. An intact basal cell layer is present 

num mucosal gland hyperplasia. Intraluminal brown-orange concre- 
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7.4 Cowper’s Glands 


Table 7.4 Cowper’s glands 


Microscopical features (Fig. 7.7) 
Low-power architecture 


7 Benign Mimics of Prostate Carcinoma 


A lobulated collection of glands with dimorphic population of a central duct surrounded by tightly packed, round, small acini composed of 


cells with abundant mucinous cytoplasm 

Skeletal muscle is frequently present in the stroma (see Fig. 7.7) 
High-power cytology 

Uniform, basally located, bland nuclei 

Immunohistochemical features 


Intracytoplasmic mucin positive for mucicarmine, periodic acid-Schiff (PAS)-diastase stains 


HMWCK 348E12 stains ducts but the staining is variable in acini 


PSA variably positive, prostate-specific acid phosphatase (PSAP) negative 


Incidence and location 


Cowper’s glands are paired bulbourethral (periurethral) glands located within the urogenital diaphragm below the prostate apex 


Rarely sampled in prostate biopsy from the apex 
Differential diagnosis 


May be confused with small acinar adenocarcinoma, particularly foamy gland cancer (see Fig. 6.7). The presence of infiltrative borders, lack of 
dimorphic ductal-acinar architecture, and variable cellular atypia distinguish foamy gland carcinoma from Cowper’s glands 
Adenocarcinoma typically lacks cytoplasmic mucin but contains intraluminal mucin 


Common diagnostic pitfalls 


Small well-formed glands with cytoplasmic mucin and round, rigid, acinar architecture may be mistaken for foamy carcinoma 


Fig. 7.7 At low power (a), Cowper’s glands are composed of tightly 
circumscribed or lobulated proliferation of small, uniform acini lined 
by mucus-containing cells with a central duct. This dimorphic popula- 
tion of ducts (arrow) surrounded by acini is a characteristic feature. 


Cytological features are bland, including small nuclei and inconspicu- 
ous nucleoli. Mucin is present in the intracellular compartment in con- 
trast to intraluminal mucin in prostate cancer (b). Skeletal muscle is 
frequently present in the stroma (c) 


Fig. 7.8 Rectal tissue is frequently found distorted in needle core biop- 
sies and may mimic prostate carcinoma, particularly due to the pres- 
ence of luminal mucin and prominent nucleoli. This issue may also be 
complicated by the misleading immunoprofile, demonstrating negative 


stains for HMWCK and p63 and often positive AMACR. Helpful diag- 
nostic clues include the recognition of the detached nature of the rectal 
fragments, isolated goblet cells (a, b), rectal lamina propria (a, b), neg- 
ative PSA and CDX-2 expression (c) 


7.6 Mucinous Metaplasia 


7.5 | Mesonephric Remnant Hyperplasia 


Table 7.5 Mesonephric remnant hyperplasia 


Microscopical features (Fig. 7.9) 

Low-power architecture 

Resemble the same lesion encountered in the female genital tract 
Majority retains a lobular configuration of glands and tubules but 
occasionally demonstrating pseudoinfiltrative pattern 

Dense intraluminal eosinophilic secretions are common, and 
occasional papillary tufting is seen 

High-power cytology 

Glands/tubules are lined by single cuboidal epithelium with scant 
atrophic cytoplasm and bland cytology 

Immunohistochemical features 

Negative for PSA and PSAP and variably positive for basal cell 
markers. Diffuse reactivity for PAX-8 

Incidence and location 

More likely to be present in TURP specimens from the transition 
zone of the prostate, 0.6% of transurethral resection of the prostate 
(TURP) specimen. Extremely rare in prostate biopsies 

Differential diagnosis 

Mimic well to intermediately differentiated Gleason score 6-7 
prostate carcinoma 

Adenocarcinoma lacks lobular arrangement, demonstrates variable 
cytoplasm and cytological atypia, and lacks epithelial tufting or 
micropapillary formations. In addition, the intraluminal eosinophilic 
material in mesonephric hyperplasia typically has a dense, hyaline 
appearance in contrast to the more flocculent nature of the 
intraluminal eosinophilic material in prostate cancer 

Mesonephric hyperplasia lacks expression for prostate markers PSA and 
PSAP. An immunophenotype with PAX-8 positivity may also be helpful 
Common diagnostic pitfalls 

Florid small acinar and tubular architecture; single layer of the lining 
epithelium; occasional prominent nucleoli; intraluminal eosinophilic 
material; haphazard appearance in some cases (with some even 
showing perineural and extraprostatic location) may lead to 
misdiagnosis of prostate carcinoma 


Fig. 7.9 In mesonephric remnant hyperplasia, glands appear atrophic 
with attenuated bland epithelium and grow in a lobulated or sometimes 
infiltrative pattern. Intraluminal dense eosinophilic secretions (arrows) 
and papillary infoldings and tufts are common useful features to distin- 
guish from adenocarcinoma of the prostate. Image courtesy of Dr. Anil 
Parwani, Ohio State University, Cincinnati, OH 
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7.6  Mucinous Metaplasia 


Table 7.6 Mucinous metaplasia 


Microscopical features (Fig. 7.10) 

Low-power architecture 

Clusters of small glands lined by tall columnar cells with abundant 
intracytoplasmic blue mucin 

Transition to normal glandular epithelium or atrophic glands is 
frequent, typically does not involve the entire lobule of acini 
High-power cytology 

Bland, small, dark, and basally located nuclei, with inconspicuous 
nucleoli 

Immunohistochemical features 

Lacks immunoreactivity for PSA and PSAP 

An intact basal layer demonstrated by basal cell markers 

Cells contain intracytoplasmic acid mucin that stains for 
mucicarmine, alcian blue, and PAS with diastase digestion 
Incidence and location 

Incidental but relatively common finding 

Primarily seen in the peripheral zone of the prostate 

Differential diagnosis 

Well-differentiated prostate adenocarcinoma with foamy gland 
feature. The presence of infiltrative features, variable nuclear 
atypia, and intraluminal rather than cytoplasmic mucin pattern 
distinguishes foamy gland carcinoma from mucinous metaplasia 
(see Fig. 6.7). Stains are rarely needed to establish definitive 
diagnosis (see Fig. 6.7) 

Cowper’s glands. Mucinous metaplasia lacks the characteristic 
dimorphic pattern of duct and acini and is usually focal and does not 
involve the entire lobule of acini (see Fig. 7.7) 

Common diagnostic pitfalls 

Small, round, acinar architecture and blue mucin 


rene | 


Fig. 7.10 Mucinous metaplasia typically involves part of a lobule or 
gland. Transition to benign atrophic glands or epithelium in the back- 
ground is seen. Note that glands are lined by tall columnar cells with 
abundant intracytoplasmic mucin (arrow). In contrast to Cowper’s 
glands, no dimorphic duct/acini architecture is seen 
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7.7 Classification of Focal Atrophy 
Lesions of the Prostate [12-14] 


Table 7.7 Morphologic classification of focal atrophy lesions 


Simple atrophy (lobular atrophy)* 

Simple atrophy with cyst formation (cystic atrophy) 
Postatrophic hyperplasia* 

Partial atrophy 

Combined patterns 


‘Both simple atrophy and postatrophic hyperplasia are commonly asso- 
ciated with inflammation and may demonstrate increased proliferative 
activity in epithelium. These lesions are also often termed proliferative 
inflammatory atrophy (PIA) to imply their potential significance in 
prostate carcinogenesis 


7.8 Focal Atrophy 


Table 7.8 Focal atrophy 


Microscopical features (Figs. 7.11, 7.12, and 7.13) 

Low-power architecture 

Morphology varies significantly, but all forms of atrophy are 
characterized by well-formed glands that exhibit a reduction in 
cytoplasmic volume in luminal epithelial cells 

Simple atrophy, cystic atrophy, and postatrophic hyperplasia are 
characterized by dark blue glands at low power due to marked 
reduction in cytoplasm, whereas partial atrophy looks pale due to 
relatively more lateral cytoplasm but reduced apical cytoplasm 
Simple atrophy is characterized by isolated, not particularly 
crowded, atrophic glands of the same size as adjacent nonatrophic 
glands. The stroma between glands is frequently sclerotic and 
contains inflammation 

In cystic atrophy, a varying degree of acinar dilatation is seen. The 
term cystic atrophy is restricted to glands that have a sharp luminal 
border without infoldings 

Different forms of atrophy commonly coexist in the same specimen 
High-power cytology 

Cells with bland small hypochromatic nuclei 

Mild nuclear enlargement is occasionally seen 

Micronucleoli in significant percentage of cases 
Immunohistochemical features 

Basal cell markers, in general, highlight the basal cell layer but are 
often fragmented or absent particularly in partial atrophy 
Significant percentage of partial atrophy expresses «-methylacyl- 
CoA racemase (AMACR) 

Incidence, location, and clinical significance 

Common, age-related process 

Atrophy typically affects the elderly; however, focal atrophy is 
present in at least 70% of men between the second and third decades 
of life. Its frequency and extent increase with age 
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Table 7.8 (continued) 


Atrophy is also common in patients receiving antiandrogens and 
radiation treatment 

Most common in the peripheral zone but also in the transition and 
central zones of the prostate 

Its pathogenesis is still unknown, although inflammation and 
chronic ischemia are considered important factors. Focal atrophy, 
particularly when associated with inflammation, contains cells 
with increased proliferation in the epithelial compartment, 
demonstrates some of the early genetic changes seen in HGPIN 
and prostate cancer, and demonstrates increased expression of the 
stress-related oxidative enzyme, glutathione S-transferase 
(GSTP1). Proliferative inflammatory atrophy (PIA) has been 
proposed as a term for these lesions 

PIA has recently been proposed as a lesion from which early prostate 
carcinogenesis develops (see also Fig. 13.1) 

Differential diagnosis 

Atrophic prostate adenocarcinoma 

Postatrophic hyperplasia and partial atrophy most closely mimic 
atrophic prostate adenocarcinoma and cause most diagnostic 
difficulties in routine practice and will be discussed in later 
sections 

Common diagnostic pitfalls 

Presence of dark small glands within sclerotic stroma and visible 
nucleoli is a common diagnostic pitfall of simple atrophy and 
postatrophic hyperplasia 

Pale, poorly formed glands, frequent visible nucleoli, and atypical 
immunohistochemical presentation are common diagnostic pitfalls 
of partial atrophy 


Fig. 7.11 In simple atrophy, overall architecture of the glands is main- 
tained with marked reduction of cytoplasm, creating a basophilic 
appearance at low power 


7.9 Partial Atrophy 


Fig. 7.12 In cystic atrophy, an undulated glandular architecture of the 
normal gland is lost; glands are round and cystically dilated with atten- 
uated cytoplasm 


Fig. 7.13 Both simple and postatrophic hyperplasias are commonly 
accompanied by inflammation and sclerotic stroma. Although glands 
appear rather atrophic and involuting, they demonstrate higher prolif- 
erative activity on immunostain for proliferation marker Ki-67 (not 
shown). Such lesions are also termed PIA and are proposed as an early 
precursor to prostate carcinoma 


7.9 


105 


Partial Atrophy [15] 


Table 7.9 Partial atrophy 


Microscopical features (Figs. 7.14, 7.15, and 7.16) 

Low-power architecture 

Majority present with circumscribed/lobulated collection of small 
glands with lumina ranging from undulated stellate-shaped to round 
Occasionally disorganized growth is present 

Lined with cells with reduced cell height but clear pale cytoplasm 
placed laterally to nuclei rather than an apical distribution pattern, 
creating a pale appearance at low power 

Completely atrophic glands within a focus are common 
High-power cytology 

Small bland nuclei, often with micronucleoli; occasionally mild 
nuclear enlargement is seen 

Immunohistochemical features 

Basal cell markers often patchy and fragmented, occasionally 
entirely negative 

Up to 70% expresses AMACR 

Rarely negative for basal cell markers and positive for AMACR 
Incidence and location 

The most common cancer mimic encountered in contemporary practice 
Primarily seen in the peripheral zone of the prostate 

Differential diagnosis 

Atrophic prostate adenocarcinoma (Gleason score 6) 

Most atrophic carcinomas (see Figs. 6.1 and 6.2) demonstrate 
infiltrative features; round glands with straight luminal borders; 
relatively abundant, apically distributed amphophilic or foamy 
cytoplasm; and more pronounced cytological atypia 

Partial atrophy was described by some pathologists as postatrophic 
hyperplasia. Compared with PAH, partial atrophy appears pale due 
to relatively more cytoplasm; stellate-shaped glands; and typically 
lack of stromal sclerosis or inflammation. However, it is common to 
see different forms of atrophy coexisting within a case 

Common diagnostic pitfalls 

Disorganized growth pattern (~30%) with predominantly round and 
poorly formed lumina (~9%) mimicking Gleason pattern 4 prostate 
cancer 

Frequently (~30%) visible nucleoli at high power, occasional mild 
nuclear enlargement 

Patchy basal cell staining (~70%) and sometimes complete lack of staining 
Significant percentage expresses AMACR (10-70%) 


Fig. 7.14 Most partial atrophy lesions are composed of a lobular arrangement of crowded glands with stellate/undulating gland lumina and scant 
pale clear cytoplasm, imparting a distinct pale appearance at low power (a, b) 
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Fig. 7.15 Partial atrophy composed of a disorganized proliferation of 
predominantly small, round to occasionally poorly formed glands 
(arrows). In addition to partially atrophic glands (arrowheads), there 
are several completely atrophic glands present, a very useful diagnostic 
clue. Also note that the pale cytoplasm of the lesion is similar to the 


Fig. 7.16 Another example of partial atrophy showing disorganized 
growth pattern and predominant poorly formed glands mimicking can- 
cer. Note relatively benign cytology, pale cytoplasm, and few com- 


adjacent benign gland (a). At high power, frequent micronucleoli 
(arrow) are visible. Note pale, clear cytoplasm placed laterally to the 
nuclei, lack of nuclear enlargement and macronucleoli, as well as the 
presence of few completely atrophic glands within the focus (b) 
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pletely atrophic glands within the focus (a). Immunohistochemistry for 
basal cell markers demonstrates very patchy staining with the lack of 
staining in most glands (b) 


Fig. 7.17 At low power, several disorganized glands with partially atro- 
phic cytoplasm are present. A few completely atrophic glands are also 
present. These features are suggestive of partial atrophy (a). At higher 
magnification, these glands demonstrated bland cytology (b). However, 


the edge of this lesion appears infiltrative (arrow, a), and it demonstrates 
immunophenotype identical to cancer (c). Despite presence of several 
features of partial atrophy, one cannot rule out cancer. Therefore, it is 
best to diagnose this case as atypical suspicious for cancer 
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7.10 Postatrophic Hyperplasia (PAH) 


Table 7.10 Postatrophic hyperplasia 


Microscopical features (Fig. 7.18) 

Low-power architecture 

Lobulated collection of small basophilic and mostly round acini frequently surrounding a central dilated “feeder” duct 
Stroma is sclerotic and contains inflammation 

High-power cytology 

Acini contain low cuboidal cells with scant cytoplasm 

Basal cells may show mild-to-moderate nucleolar enlargement 

Immunohistochemical features 

Continuous and strong basal cell marker staining but patchy fragmented staining occasionally observed 

Lacks AMACR expression 

Incidence and location 

Common in routine practice 

Primarily seen in the peripheral zone of the prostate 

Differential diagnosis 

Prostate adenocarcinoma, Gleason score <6. The presence of infiltrative features, relatively more amphophilic cytoplasm, lack of central 
dilated duct, and more pronounced cytological atypia suggest adenocarcinoma diagnosis over PAH 

In comparison to partial atrophy, PAH lesions appear dark, lack cytoplasm, demonstrate stromal sclerosis, and frequently contain inflammation 
Common diagnostic pitfalls 

Crowded, dark, and round acini raise concerns for cancer 

May occasionally exhibit pseudoinfiltrative growth pattern (Fig. 7.19) 

Visible nucleoli are frequent at high-power examination 

Stromal sclerosis may mimic desmoplasia 


Fig. 7.18 At low power, PAH is characterized by a circumscribed/ granular cytoplasm seen in cancer. At high magnification (c), the acini 
lobulated collection of small dark atrophic acini with round-to-distorted are lined by cuboidal secretory cells with minimal nuclear enlargement, 
contours arranged around a larger dilated duct (arrow; a,b). The dark increased nucleus-to-cytoplasmic ratio, and small but visible nucleoli. 
appearance of the lesion at low power may arouse a suspicion for can- The stroma is usually sclerotic 

cer but is due to scant cytoplasm rather than abundant amphophilic/ 
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Fig. 7.19 Benign atrophic glands with haphazard or pseudoinfiltrative than the true infiltration pattern with cancer glands situated between or 
growth pattern may raise concern at low-power examination (a, b). on both sides of the benign glands 
However, note that the pattern of infiltration is like a “patch” different 


7.11 Adenosis (Atypical Adenomatous 
Hyperplasia) 


Table 7.11 Adenosis (atypical adenomatous hyperplasia) 


Microscopical features (Fig. 7.20) 

Low-power architecture 

Well-circumscribed/lobulated lesion comprised of large complex glands typical of hyperplasia admixed and merging with small round glands 
Small and large glands have similar cytoplasmic and cytological features 

Stroma is usually cellular and spindly 

Crystalloids and basophilic mucin are occasionally present 

High-power cytology 

The lining cells have small nuclei with fine chromatin 

Nucleoli are frequently present but are generally small (< 1 pm). Macronucleoli (>3 um) seen in adenocarcinoma are absent 
Immunohistochemical features 

Basal cell markers typically demonstrate fragmented or occasionally absent staining (see Fig. 7.20e) 

AMACR is expressed either focally or diffusely in up to 30% of lesions (see Fig. 7.20f) 

In support of its benign nature, TM@PRSS2:ERG gene fusions and ERG protein expression have not been found in adenosis of the prostate 
Incidence, location, and significance 

Adenosis represents a part of the morphological spectrum of benign prostate hyperplasia and therefore is primarily encountered in the 
transition zone of the prostate 

Relatively common finding in both radical prostatectomy and transurethral resection specimens. The incidence as a significant lesion, which 
may be confused as adenocarcinoma in the needle biopsy, is low (~1%) 

Referred to as atypical adenomatous hyperplasia because of its overlapping features with low-grade adenocarcinoma and therefore has been 
considered a potential precursor for low-grade cancer. Most experts do not prefer to use the term atypical due to its potential misleading 
clinical implications and insufficient evidence of its preneoplastic potential 

Many of the low-grade adenocarcinomas (Gleason grade 2-4) in the past represent examples of adenosis 

Diffuse adenosis of the peripheral zone (DAPZ) [16] refers to multiple foci of small, nonlobular proliferation of relatively bland acini diffusely 
involving the peripheral zone in young patients (average age, 49 y; range, 34-73 y). In needle biopsy, more than 70% of the biopsy cores are 
involved. Patients with DAPZ are considered at risk for harboring cancer, specifically those also containing foci of atypical glands. Compared 
to focal adenosis, repeat biopsy is recommended for DAPZ (Fig. 7.22) 

Differential diagnosis 

Prostate cancer with Gleason score <6. In adenosis, small glands are admixed with obvious large hyperplastic benign glands; the cytoplasmic 
and cytological characteristics of small and large glands appear similar, and the two essentially merge with each other (see Fig. 7.20). Cancer 
glands, in comparison, invariably demonstrate differences in their cytoplasmic and cytological from the adjacent benign glands. Cellular 
spindly stroma also favors a reactive/proliferative process such as adenosis 

Common diagnostic pitfalls 

Visible nucleoli at high power, crystalloids, and occasional luminal mucin 

Patchy, sometimes complete lack of staining with basal cell markers 

AMACR expression in up to 30% of lesions 
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Fig. 7.20 At low power, adenosis is characterized by a circumscribed 
collection of variably sized glands (a). Within the nodule, small round 
acini are admixed with larger benign-appearing glands with papillary 
infolding (arrows). There are no obvious cytoplasmic or cytological dif- 
ferences between them. Essentially, small and large glands merge with 
each other imperceptibly (b). At high power, the columnar cells have 
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abundant pale to clear cytoplasm and bland-appearing nuclei with incon- 
spicuous to small nucleoli (c). The stroma between the glands is densely 
cellular, a feature to suggest a benign reactive nature (d). Basal cell mark- 
ers typically demonstrate a discontinuous/patchy-staining pattern, with 
some glands lacking the staining (e). A small percentage (~30%) of ade- 
nosis lesions may demonstrate mild-to-moderate AMACR expression (f) 


Fig. 7.21 At low power, a focus of crowded glands at the edge of the 
biopsy is present (a). At higher magnification, these glands demon- 
strated relatively bland cytology with occasional nucleoli (b). Multiplex 
stains for PIN4-ERG demonstrated rare basal cells with AMACR 


expression (c). These features are suspicious of adenosis. Despite pres- 
ence of several features of adenosis, one cannot rule out cancer. 
Therefore, it is best to diagnose this case as atypical suspicious for 
cancer 


Fig. 7.22 At low power, in diffuse adenosis of peripheral zone 
(DAPZ), there is crowded nonlobular proliferation of small acini with 
pale cytoplasm seen involving throughout the biopsy (a). On closer 
examination, there is no significant nuclear atypia (b). Patients with 


DAPZ are considered at risk for harboring cancer, specifically those 
also containing foci of atypical glands. Compared to focal adenosis, 
repeat biopsy is recommended for DAPZ 
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7.12 Basal Cell Hyperplasia 


Table 7.12 Basal cell hyperplasia 


Microscopical features (Figs. 7.23, 7.24, 7.25, 7.26, and 7.27) 

Low-power architecture 

Nodular or sometimes haphazard proliferation of uniform round blue glands with stratified nuclei 

In the incomplete form, there are residual small lumina lined by secretory cells with clear cytoplasm that are surrounded by multiple layers of 
basal cells (see Fig. 7.24). In the complete form, solid nests of dark blue cells without luminal formation (see Fig. 7.25) 

The stroma is very cellular and consists of proliferating fibroblasts and smooth muscle cells similar to those seen in benign prostate hyperplasia 
Other growth patterns include cribriform and pseudocribriform architecture (see Fig. 7.27) 

Microcalcifications are common 

Rarely, intracytoplasmic hyaline globules are present, which is a specific feature of basal cell hyperplasia 

High-power cytology 

Oval or somewhat spindly nuclei with homogeneous glassy or vesicular chromatin 

Cytoplasm is scant 

Nucleoli are usually indistinct but sometimes are prominent and may raise concern for adenocarcinoma 

Immunohistochemical features 

Strong positivity for basal cell markers 

AMACR is typically negative 

Weak and focal positivity for PSA and PSAP 

Incidence, location, and significance 

Basal cell hyperplasia is typically seen as a part of the spectrum of benign prostatic hyperplasia in transition zone specimens; when 
pronounced, it is referred to as basal cell adenoma 

Basal cell hyperplasia may also affect the peripheral zone and may be encountered in needle biopsies 

Basal cell hyperplasia also occurs in atrophy, in the setting of antiandrogen therapy 

Basal cell hyperplasia, even with atypical morphological presentation, is not associated with an adverse prognosis, and therefore the term 
atypical basal cell hyperplasia should not be used 

Differential diagnosis 

Gleason score 6 prostate cancer demonstrating basaloid features and cribriform carcinoma. The adenocarcinoma usually demonstrates 
infiltrative features and round hyperchromatic nuclei with variable cytoplasm and lacks densely cellular spindly stroma and microcalcifications 
p63-positive basal cell prostate adenocarcinoma may be mistaken for basal cell hyperplasia (see Fig. 4.5), but is negative for HAWCK 
Basal cell hyperplasia, usual type or with cribriform morphology, may mimic HGPIN (see Fig. 9.2). In basal cell hyperplasia, nucleoli are 
usually restricted to cells in basal aspect; cells have scant cytoplasm, and the nuclei are ovoid, coffee bean-like 

Rare basal cell carcinoma of the prostate (see Fig. 6.31). The basal cell carcinoma exhibits infiltrative features such as stromal desmoplasia, 
necrosis, and mitoses. Immunohistochemical markers are not reliable in this distinction 

Common diagnostic pitfalls 

Pseudoinfiltrative growth pattern, prominent nucleoli, intraluminal blue mucin, and cellular stroma are common diagnostic pitfalls 


Fig. 7.23 A well-circumscribed nodule of basal cell hyperplasia, also Fig. 7.24 In incomplete basal cell hyperplasia, a luminal differentia- 
referred to as basal cell adenoma in transurethral resection specimen, is tion is seen 

a form of epithelial hyperplasia in which glands have markedly strati- 

fied lining cells with high N:C ratio and appears basophilic at low 

magnification 
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Fig. 7.25 In complete basal cell hyperplasia, dark-staining nests are Fig. 7.26 In basal cell hyperplasia, nuclei are stratified, are arranged 
seen in a cellular stroma. Note the lack of lumen formation. The pres- like a pack of cigar without visible cytoplasm, and are coffee bean-like 
ence of cellular spindly stroma is a feature suggestive of the benign with frequent grooves and vesicular glassy chromatin. Prominent 
proliferative nature nucleoli are frequently seen (arrows) 


Fig. 7.27 Basal cell hyperplasia can also present with adenoid cystic carcinoma-like cribriform architecture simulating cribriform carcinoma (a). 
Also note cellular spindly stroma. Intraluminal calcifications and cytoplasmic hyaline globules can be seen in basal cell hyperplasia (b) 
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Fig. 7.28 Dark-staining nests with stratified epithelium are seen ina Immunohistochemical markers for basal cell detection are helpful in 
haphazard pattern (a). Nuclei are stratified with frequent prominent difficult cases to support the diagnosis of basal cell hyperplasia (c, p63) 
nucleoli raising concern for prostate adenocarcinoma (b). 
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Glands/nests with stratified nuclei 


i Mixture of glands/nests Jos 
Glands/nests predominant and cribriform Cribriform growth as 


architecture architecture predominant architecture 


Lobular proliferation Random/haphazard Low-power: 


Cellular spindly stroma proliferation Stromal infiltration 
Benign cytology Cytological atypia Desmoplasia 
PNI 
Necrosis, mitoses 


Basal cell adenoma Consider rare 
Basal cell hyperplasia basal cell carcinoma 


HMWCK + HMWCK-— HMWCK — 
p63 + p63 + p63 — 


BCH or Rule out p63 + PCa with PCa, rely on 
HGPIN basal cell differentiation, presence of other 


rely on presence of cancer features 
other cancer features 


Fig. 7.29 Diagnostic approach to prostate basal cell lesions. PNI perineural invasion, HMWCK high molecular weight cytokeratin, PC prostate 
carcinoma 


7.13 Postradiation Atypia in Benign 
Prostate Glands [17] 


Table 7.13 Postradiation atypia in benign prostate glands 


Microscopical features (Figs. 7.30 and 7.31) 

Low-power architecture 

Small-to-medium atrophic glands with minimal cytoplasm are arranged in lobular architecture or random distribution within abundant stroma 
High-power cytology 

Presence of scattered marked cytological atypia within well-formed glands 

Cells appear degenerative with smudgy chromatin, frequent prominent nucleoli, and cytoplasmic vacuolization 

Immunohistochemical features 

Basal cell markers are strongly positive in benign prostate glands with radiation atypia. GATA3 frequently demonstrates aberrant expression in 
benign glands in the setting of postradiation treatment 

Incidence, location, and significance 

Thirty to 36 months following completion of radiation treatment, biopsy may be performed in patients with rising PSA to confirm or rule out 
the presence of recurrent/persistent tumor 


Radiation atypia typically lasts for a prolonged time after radiation treatment. Effects are usually pronounced in the peripheral zone of the 
prostate 
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Table 7.13 (continued) 


Residual adenocarcinoma in postradiation prostate may become an indication for salvage radical prostatectomy 

Differential diagnosis 

Benign prostatic tissue with radiation atypia is commonly mistaken for prostate adenocarcinoma with therapy effect or recurrent prostate 
adenocarcinoma and urothelial carcinoma in situ (CIS) 

Residual adenocarcinoma with therapy effect demonstrates relatively small uniform pyknotic nuclei, lacks randomly distributed cytological 
atypia, and contains abundant vacuolated cytoplasm (Fig. 7.32a). Recurrent adenocarcinoma has features typical of conventional 
adenocarcinoma 

Urothelial CIS fills and expands the prostatic ducts and acini with diffuse cytological atypia (see Fig. 6.28). GATA3 expression is not a reliable 
marker in this setting as nonspecific GATA3 expression may occur in benign glands in the postradiation therapy setting 

Common diagnostic pitfalls 

Radiation can induce marked nuclear enlargement and prominent nucleoli in benign prostatic tissue that mimics carcinoma. Nonspecific 
GATA3 expression in radiation atypia may get confused with urothelial carcinoma in situ 
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Fig. 7.30 In postradiation biopsies, there is an overall paucity of glands. At low power, glands are atrophic and arranged in lobulated (a) or ran- 
dom fashion (b), in a dense fibrotic stroma 


Fig. 7.31 Benign glands exhibiting radiation atypia demonstrate ran- and is characterized by hypochromatic nuclei with frequent cytoplas- 
dom cytological atypia including occasional markedly enlarged nuclei mic vacuolization (arrow, a). Prostate adenocarcinoma rarely demon- 
(arrows), a tell-tale feature for radiation atypia. At higher magnifica- strates this degree of cytological atypia. Basal cell markers are very 
tion, prominent nucleoli are visible, raising concern for cancer. helpful to confirm the diagnosis in difficult cases (b) 

However, the cytological atypia is random and degenerative in nature 
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Fig. 7.32 In residual adenocarcinoma demonstrating treatment effect, | frequently shrunken (a). In contrast, in benign glands with radiation 
cancer glands grow in a haphazard manner and show frequent tumor atypia, glands are arranged in lobular configuration and appear atro- 
breakdown with poorly formed glands and single cells, relatively abun- phic. Nuclear atypia is random and degenerative in nature (b) 
dant cytoplasm, and uniform cytological atypia. Nuclei are small and 


Fig. 7.33 Morphological changes encountered in postradiation 
prostate gland 


7.14 Nephrogenic Adenoma 


Table 7.14 Nephrogenic adenoma 


Microscopical features (Figs. 7.34, 7.35, 7.36, 7.37, and 7.38) 

Low-power architecture 

Presence of both exophytic papillary and infiltrative tubulocystic components is a characteristic feature 

The tubulocystic architecture ranges from small poorly formed glands, small tubules resembling renal tubules, signet ring-type cells to dilated 
cystic structures resembling ectatic vessels 

Lining epithelium characteristically is flat cuboidal to hobnail 

High-power cytology 

Nuclei are uniform with frequent prominent nucleoli; mitosis rare 

Nuclear atypia when present is usually degenerative in nature 

Intraluminal mucin is frequent 

The tubules are frequently surrounded by thick basement membrane, which can be highlighted with PAS stain 

Inflammation is frequent within the lesions 

Immunohistochemical features (Figs. 7.39 and 7.40) 

Majority express PAX-2, PAX-8, and AMACR 

PSA and PSAP are usually negative 

Cytoplasmic 34BE12 staining in >50% of cases 

A panel of PAX-2 or PAX-8, PSA, PSAP, and 34BE12 is useful to establish the diagnosis in difficult cases 

Incidence and location 

It commonly involves the urinary bladder but may occur in any part of the urinary tract including the prostatic urethra (~10%) 
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Table 7.14 (continued) 


Typically encountered in transurethral resections 

Rarely seen in prostate needle biopsy 

Differential diagnosis 

Prostate adenocarcinoma, nested urothelial carcinoma, papillary urothelial carcinoma, and clear cell or adenocarcinoma not otherwise specified 
(NOS) type 

A mixture of papillary and tubulocystic components lined with bland cuboidal cells, periglandular collagen corollate, and inflammatory 
background is the most useful diagnostic feature to distinguish nephrogenic adenoma from its mimics 

In urothelial carcinoma, the papillary component demonstrates nuclear stratification 

Clear cell adenocarcinoma has infiltrative growth and frank malignant growth cytology 

History of prior treatment, trauma, stones, or other long-standing irritation is present in most cases 

Common diagnostic pitfalls 

Papillary and tubulocystic components may not be present in the same lesion. In prostatic urethra, the papillary component is often absent, 
making diagnosis difficult (see Fig. 7.35) 

Small percentage of cases present with predominantly nested or poorly formed glands (see Fig. 7.37) 

Blue mucin and cytological atypia including prominent nucleoli may be present 

Extension into stroma or muscle can be rarely seen in a small percentage of cases 


Fig. 7.34 A classical nephrogenic adenoma with both papillary and Fig. 7.35 Prostatic urethra biopsy exhibits exclusively a tubular com- 
underlying tubular components. Polypoid or papillary component has ponent, mimicking a prostate adenocarcinoma. In prostatic urethra, this 
edematous stroma without well-defined fibrovascular cores, and lining type of presentation is common. The tubules are lined by cuboidal hob- 
epithelium is cuboidal and lacks stratification. Underlying tubules are nail epithelium 

variably sized and mimic renal tubules. Note thickened eosinophilic 

basement membrane surrounding tubules (arrow), one of the character- 

istic features of nephrogenic adenoma 
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Fig. 7.36 Degenerative cytological atypia and features such as intraluminal blue mucin can be encountered. Background inflammation and calci- 
fications are common (a, b) 


Fig. 7.37 Nephrogenic adenoma in transurethral resection specimen, 
presenting predominantly with nested (a) and signet ring cell-like (b) 
pattern. These patterns may be mistaken for nested urothelial carci- 


Fig. 7.38 Rarely, nephrogenic adenoma may present with prominent 
fibrous and myxoid component 


Fig. 7.40 Nuclear transcription factors PAX-2 or PAX-8 are 
expressed in nephrogenic adenoma and are helpful markers to 
support the diagnosis in difficult cases 
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noma and poorly differentiated prostate adenocarcinoma. Hyalinized 
basement membrane surrounding glands (b) and superficial nature of 
the lesion (a) are useful features to suggest the diagnosis 


ee, eed 
ees 
‘ á y eres, 
uae) OFS 
a 


2 
<4 


Fig. 7.39 Cytoplasmic AMACR expression is present in the clear major- 
ity of nephrogenic adenoma, a significant pitfall if this marker is utilized 
to distinguish nephrogenic adenoma from prostate adenocarcinoma 
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7.16 Central Zone Glands 


7.15 Cribriform Proliferations Encountered 
in the Prostate Gland 


Table 7.15 Cribriform proliferations encountered in the prostate 
gland 


Atypical cribriform lesions with 


Benign basal cells 

Central zone glands Cribriform HGPIN 
Reactive glands with Intraductal carcinoma of the 
pseudocribriform architecture prostate 


Atypical intraductal proliferation 
Malignant lesions 

Cribriform carcinoma spectrum 
(includes ductal carcinoma) 
Basal cell carcinoma 


Proliferative lesions 
Clear cell cribriform hyperplasia 


Basal cell hyperplasia 


7.16 Central Zone Glands 


Table 7.16 Central zone glands 


Microscopical features (Figs.7.41, 7.42, and 7.43) 

Low-power architecture 

Large, complex glands with papillary infoldings that may 
demonstrate Roman bridges and cribriform pattern 

The glands are lined by tall pseudostratified epithelium with dense 
eosinophilic cytoplasm and conspicuous basal cell layer 
High-power cytology 

The cytological atypia is rarely seen and is restricted to the basal cell 
layer 

Immunohistochemical features 

Immunostains for basal cell markers highlight intact and prominent 
basal cells 

Incidence and location 

Commonly encountered in needle biopsies sampled from the base of 
the prostate 

Differential diagnosis 

The central zone glands usually mimic HGPIN and, rarely, 
cribriform carcinoma 

Large complex glands with dense eosinophilic cytoplasm, especially 
when seen in the base of the prostate biopsies, should raise 
consideration for central zone glands 

HGPIN has significant nuclear enlargement and prominent nucleoli 
involving secretory cells 

Cribriform carcinoma has significant nuclear enlargement and 
prominent nucleoli and lacks basal cell layer 

Common diagnostic pitfalls 

Complex papillation, Roman bridges, nuclear stratification, 
cribriform architecture, and cytoplasmic amphophilia raise suspicion 
for HGPIN or cancer diagnosis 
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Fig. 7.41 Central zone histology is typically a mimicker of HGPIN; 
however prominent cribriform architecture in some cases may mimic 
cancer. This histology is typically seen in biopsies from the base of the 
prostate. In the central zone, glands are complex with frequent papilla- 
tion and undulating architecture with pseudostratified lining epithe- 
lium. At low magnification, glands demonstrate distinct cytoplasmic 
eosinophilia 


Fig. 7.42 Roman bridges and cribriform architecture are common (a). 
In contrast to HGPIN, nuclei stream parallel to bridges in comparison 
to perpendicular orientation in HGPIN (b) 
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Fig. 7.43 The cytological atypia is seen in basal cells (arrow), a fea- 
ture helpful to differentiate from HGPIN or cancer. Before making a 
diagnosis of HGPIN or atypia in biopsies from the base area of the 
prostate, central zone histology should be ruled out 


7.17 Clear Cell Cribriform Hyperplasia 


Table 7.17 Clear cell cribriform hyperplasia 


Microscopical features (Figs. 7.44 and 7.45) 

Low-power architecture 

Nodular proliferation of crowded cribriform glands 

Cribriform glands have uniform, round lumina and lack complex/ 
confluent architecture 

Strikingly prominent basal cell layer around many cribriform glands 
High-power cytology 

The cells have uniform round nuclei and clear cytoplasm 
Immunohistochemical features 

Immunostains for basal cell markers highlight prominent continuous 
layer of basal cells 

Incidence and location 

Clear cell cribriform hyperplasia represents a spectrum of benign 
prostate hyperplasia and can occasionally dominate the histological 
picture 

Exclusively seen in TURP specimens from the transition zone of the 
prostate gland 

Differential diagnosis 

Differential diagnosis includes central zone glands, HGPIN, and 
cribriform carcinoma 

Central zone glands have prominent eosinophilic cytoplasm 

HGPIN exhibits significant nuclear enlargement and prominent 
nucleoli and often discontinuous basal cell layer 

Cribriform carcinoma exhibits significant nuclear atypia and lacks 
basal cell layer and often is associated with conventional acinar 
carcinoma 

Common diagnostic pitfalls 

Cribriform architecture and crowded growth pattern 


Fig. 7.44 Clear cell cribriform hyperplasia represents a spectrum of 
benign prostate hyperplasia and therefore is typically encountered in 
the transition zone of the prostate. In this transurethral resection speci- 
men, there is a nodular proliferation of nonconfluent cribriform glands 
with clear-to-eosinophilic cytoplasm 
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Fig. 7.45 The cells forming the central lumina are cuboidal to low 
columnar secretory-type cells, with uniform round nuclei and clear 
cytoplasm. The glands (arrows) are rimmed with a prominent basal cell 
layer 
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Isolated cribriform proliferation in needle biopsy 
Cytological assessment of 
luminal secretory cells 


Fig. 7.46 Differential 
diagnosis of prostate 
cribriform lesions. UCC 
urothelial carcinoma, 
HMWCK high molecular 
weight cytokeratin, IDC-P 
intraductal carcinoma of the 
prostate, PIN prostate 
intraepithelial neoplasia, AIP 
atypical intraductal 
proliferation 


Atypical 


Consider benign mimics: 
Central zone histology 
Basal cell hyperplasia 
Clear cell cribriform 
hyperplasia 


Confluent/infiltrative 
architecture of glands? 


Basal cell markers 
HMWCK/p63 


Basal cells present 
Continuous/fragmented 


Lack basal cells Cribriform carcinoma, 

in several glands Ductal carcinoma 

Rule out intraductal 
spread of UCC if 
solid architecture 


IDC-P, cribriform PIN, AIP 


Careful analysis of 
morphology and/or 


PTEN/ERG 
biomarkers 
expression 
pattern 

(see Fig. 8.6) 


7.18 Nonspecific Granulomatous 
Prostatitis (NSGP) 


Table 7.18 Nonspecific granulomatous prostatitis 


Microscopical features (Figs. 7.47 and 7.49) 

Low-power architecture 

Earlier lesion is characterized by dilated ducts and acini filled with neutrophils and desquamated epithelial cells and necrotic debris. Focal 
rupture of these ducts and acini leads to localized chronic granulomatous inflammatory response 

Advanced lesions are characterized by dense lobular infiltrate of inflammatory cells comprising of lymphocytes, plasma cells, eosinophils, and 
scattered neutrophils, epithelioid histiocytes, and multinucleated giant cells, obscuring and effacing the ductal and acinar elements 

Older lesions may show a more prominent fibrous component 

High-power cytology 

Polymorphic inflammatory infiltrate 

Many epithelioid histiocytes have a foamy appearance, and some are multinucleated; well-formed granulomas are rare 

Necrosis is usually rare and noncaseating in nature 

Immunohistochemical features 

The epithelioid histiocytes are negative for cytokeratin, PSA, PSAP and positive for histiocytic marker CD68 

Incidence and location 

Relatively rare presentation. Incidence <3% in unselected series of prostate biopsies 


(continued) 
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Table 7.18 (continued) 


Peripheral zones are typically involved but the entire prostate may be affected 

Differential diagnosis 

High-grade Gleason 8—10 prostate carcinoma. The presence of single cells or nests with infiltrative growth pattern, variable cytological atypia, lack of 
multinuclear giant cells, and mixed inflammatory infiltrates and positivity for cytokeratins and prostate markers support the diagnosis of carcinoma 
Granulomatous inflammation secondary to Bacillus Calmette-Guerin (BCG) therapy in patients with bladder cancer and due to infectious 
granulomatous prostatitis (Fig. 7.50). Multinucleated giant cells and granulomas easily identified; caseating necrosis may be present; special 
stains for microorganisms may identify infectious agents 

Common diagnostic pitfalls 

Granulomatous prostatitis may simulate carcinoma both clinically and microscopically. Clinically, the prostate often feels firm to hard. Serum 
PSA level is often elevated in the range of 30-40 ng/mL with PSA >4 ng/mL seen in the majority of nonspecific granulomatous prostatitis 
When granulomatous and chronic inflammation is florid and diffuse, prostate ducts may not be appreciated, and therefore it may raise the suspicion 
for a high-grade, Gleason pattern 5 carcinoma. The problem is often amplified if poor preservation or mechanical artifacts are present (see Fig. 7.49) 


Fig. 7.47 Early lesion of nonspecific granulomatous prostatitis is Fig. 7.49 When granulomatous and chronic inflammation is florid and 
characterized by dilated ducts and acini filled with neutrophils, giant diffuse, prostate ducts may be obliterated, raising suspicion for a high- 
cells, debris, and desquamated epithelial cells. Rupture of these ducts grade, Gleason pattern 5 carcinoma. This problem is further exagger- 
and acini leads to localized chronic granulomatous inflammatory ated by poor tissue fixation and processing artifact. Careful examination 
response at high power reveals histiocytic and inflammatory nature of the lesion 
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Fig. 7.48 A more advanced lesion of nonspecific granulomatous pros- Fig. 7.50 Nonspecific granulomatous prostatitis should be differenti- 

tatitis is characterized by dense lobular infiltrate of inflammatory cells ated from granulomatous inflammation secondary to BCG therapy in 

comprised of lymphocytes, plasma cells, eosinophils and scattered neu- patients with bladder cancer or due to infectious granulomatous prosta- 

trophils, epithelioid histiocytes, and multinucleated giant cells, obscur- titis. Clinical history, caseous necrosis, and well-formed granulomas 

ing and effacing the ductal and acinar structure provide clues to infectious etiology. Special stains for microorganisms 
may identify inciting agents such as blastomycosis (arrows) 


719 Malakoplakia 


Fig. 7.51 Small lymphocytic lymphoma/chronic lymphocytic leuke- 
mia (SLL/CLL) can be infrequently encountered in the prostate biop- 
sies performed for elevated PSA and/or prostate enlargement. Such 
infiltrate is often overlooked as nonspecific chronic inflammation. If 
monotonous small lymphocytic infiltrate is multifocal/diffuse in distri- 
bution and is not centered around ducts and acini, a lymphoproliferative 
process should be considered and ruled out (a, b). Review of clinical 


7.19 Malakoplakia 


Table 7.19 Malakoplakia 


Microscopical features (Fig. 7.52) 

Low-power architecture 

Sheetlike proliferation of epithelioid histiocytes with abundant 
eosinophilic cytoplasm 

In classic and late stages, there is an admixture of inflammatory cells 
comprising of lymphocytes, plasma cells, neutrophils, and 
histiocytes, whereas in late stages there is also a component of 
fibrosis 

High-power cytology 

Nuclei are bland, pale, and angulated and cytoplasm is typically 
eosinophilic and bubbly 

Intracytoplasmic targetoid Michaelis-Gutmann bodies are 
characteristic 

Immunohistochemical features 

Positive for CD68 and negative for cytokeratins and PSA 
Michaelis-Gutmann bodies can be highlighted by PAS, iron, and 
copper stains 

Incidence and location 

Rare lesion 

Differential diagnosis 

High-grade Gleason score 8—10 prostate carcinoma. The presence of 
a diffuse sheet of pink epithelioid histiocytes associated with 
necrosis may mimic high-grade carcinoma. The problem is amplified 
if the cellular preservation is poor. The presence of variable acinar 
differentiation and cytological atypia and positivity for cytokeratins 
and prostate markers help establish carcinoma diagnosis in difficult 
cases 

Xanthogranulomatous prostatitis can be ruled out with the 
recognition of Michaelis-Gutmann bodies, which can be highlighted 
by a PAS stain 

Common diagnostic pitfalls 

Diffuse sheetlike arrangement of pink epithelioid histiocytes 
obscuring the acini and ducts is a common pitfall that may simulate 
a high-grade malignancy at low power. The problem may be 
significantly amplified if cellular preservation is poor 
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history including peripheral blood counts along with a select panel of 
immunohistochemical markers should be performed to rule out SLL/ 
CLL. In this example, the patient had CLL, and small monotonous lym- 
phoid infiltrate in prostate biopsy demonstrated expression for B cell 
markers CD79a (strong; c) and CD20 (weak) with coexpression of 
CD43 and CD5 and lack of expression for CD3, supporting the 
diagnosis of CLL involving the prostate gland 


Fig. 7.52 In this transurethral resection specimen, there is a diffuse sheet- 
like proliferation of pink epithelioid histiocytes, accompanied by other 
inflammatory cells, similar to nonspecific xanthogranulomatous prostati- 
tis. The histiocytic nature of epithelioid cells and the presence of Michaelis- 
Gutmann bodies (arrow) suggest the diagnosis of malakoplakia 
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7.20 Sclerosing Adenosis 


Table 7.20 Sclerosing adenosis 


Microscopical features (Fig. 7.53) 
Low-power architecture 


7 Benign Mimics of Prostate Carcinoma 


Circumscribed proliferation of variably sized and shaped glands and individual cells in a dense spindle cellular stroma 


Glands are frequently compressed with slit-like lumens 
High-power cytology 

Prominent nucleoli and blue mucin are commonly present 
Thick hyaline basement membrane surrounding the glands 


Basal cell layer usually present but is difficult to appreciate on hematoxylin and eosin stain examination 


Immunohistochemical features 


Basal cells undergo myoepithelial metaplasia; coexpress basal cell and myoepithelial markers (muscle-specific actin and S-100) 


AMACR is expressed in a small percentage of lesions 
Incidence and location 


Extremely rare in prostate needle biopsy and largely restricted to the transition zone of the prostate and generally seen as an incidental finding 


in TURP or radical prostatectomy specimens 
Differential diagnosis 


High-grade Gleason score 8—10 prostate carcinoma. The lack of circumscription, prominent cytological atypia, and negative basal cell markers 


suggests a carcinoma diagnosis 


When one or more well-circumscribed cellular lesions mimicking high-grade prostate cancer are encountered in TURP or biopsies from the 
transition zone of the prostate, the diagnosis of sclerosing adenosis should be ruled out 


Common diagnostic pitfalls 


Complex or poorly formed fused glands with slit-like lumina, frequent prominent nucleoli, and blue mucin are often confused with high-grade 


prostate cancer 


Fig. 7.53 This TURP specimen demonstrates a proliferation of poorly 
formed and complex glands mimicking high-grade prostate carcinoma. 
Low-power recognition is a key. It typically forms a well-circumscribed 
nodule of tightly packed glands (a). At high magnification, glands dem- 
onstrate complex proliferation, poorly formed glands with slit-like 
lumina, fused glands, and even single cells with signet ring cell-like 
features, mimicking high-grade cancer (b). Stroma surrounding the 
glands is cellular and hyalinized (arrows) (c). Prominent nucleoli, crys- 
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talloids, and blue mucin are common (d). Basal cells are highlighted 
with basal cell marker p63 (e). Basal cells undergo myoepithelial meta- 
plasia and show coexpression of basal cell markers and S-100 (f) and 
muscle-specific actin. When one or more well-circumscribed cellular 
lesions mimicking high-grade prostate cancer are encountered in TURP 
or biopsies from the transition zone of the prostate, sclerosing adenosis 
should be ruled out 
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7.21 Paraganglia 


Table 7.21 Paraganglia 


Microscopical features (Fig. 7.54) 

Low-power architecture 

Small clusters or nests of cells with clear to eosinophilic cytoplasm and delicate vasculature pattern commonly referred to as “zellballen” 
pattern 

Typically seen within the periprostatic space associated with neurovascular bundle but occasionally may be seen in the lateral prostatic stroma 
High-power cytology 

Random cytological atypia with dense chromatin and degenerative nature is commonly present 

Immunohistochemical features 

Positive for neuroendocrine markers, chromogranin and synaptophysin 

S-100 stains sustentacular cells 

PSA and PSAP and cytokeratins are negative 

Incidence and location 

Rare in needle biopsy 

Mostly paraganglia are encountered in the periprostatic fat of prostatectomy specimens 

Differential diagnosis 

High-grade Gleason score 8—10 prostate carcinoma invading extraprostatic tissue. The presence of significant nuclear atypia, acini, and glands 
within lesion and positivity for prostate-specific markers and lack of neuroendocrine markers suggest a carcinoma diagnosis 

Common diagnostic pitfalls 

Nested cells, with random cytological atypia, and location in the periprostatic soft tissue may lead to misdiagnosis for high-grade prostate 
cancer and extraprostatic tumor extension 


Fig. 7.54 At low power, paraganglia consist of small, solid nests of may be seen, and nuclei are often hyperchromatic, but nucleoli are 
cells with clear cytoplasm separated by a delicate vascular network, inconspicuous (b). Recognition of the delicate vascular network pattern 
mimicking high-grade Gleason pattern 4 or 5 prostate carcinoma. Its referred to as the “zellballen” arrangement is an important clue. In dif- 
presence in adipose tissue may further impart an impression of extra- ficult cases, positive neuroendocrine markers support the diagnosis (c, 
prostatic tumor extension (a). At high power, the cells have clear-to-  synaptophysin) 
amphophilic, finely granular cytoplasm. Random cytological atypia 
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7.22 Xanthoma 


Table 7.22 Xanthoma 


Microscopical features (Figs. 7.55 and 7.56) 

Low-power architecture 

Localized or diffuse collection of cholesterol-laden epithelioid 
histiocytic cells with abundant foamy cytoplasm and small shrunken 
nuclei 

Mixed inflammatory infiltrate often seen in the background 
High-power cytology 

Abundant foamy cytoplasm, small uniform nuclei, and 
inconspicuous nucleoli 

Immunohistochemical features 

Positive for histiocytic marker CD68 

Prostate markers, PSA and PSAP, and epithelial markers are negative 
Incidence and location 

Uncommon lesion 

May be seen in both peripheral and transition zones of the prostate 
Differential diagnosis 

Poorly differentiated prostate carcinoma with foamy differentiation 
or hypernephroid morphology 

Foamy carcinoma may contain abundant xanthomatous cytoplasm, 
but conventional acinar component invariably present; positive for 
epithelial and prostate markers but negative for CD68 

Common diagnostic pitfalls 

Xanthoma cells and histiocytes with abundant foamy cytoplasm, 
especially when infiltrating between benign glands, may be confused 
for foamy gland carcinoma 
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7.23 Benign Mimics of Prostate Cancer: 
Take-Home Messages 


Table 7.23 Benign mimics of prostate cancer: take-home messages 


1. Use a systemic approach to evaluate prostate biopsies: look for 
low-power architectural and high-power cytological features; do 
not rely only on one feature; use benign glands as reference 

2. Hesitate to make cancer diagnosis when glands in question are 
atrophic 

3. Hesitate to make cancer diagnosis when cytoplasm and nuclear 
features of glands in question are essentially same as surrounding 
benign glands 

4. Presence of very cellular spindle cell stroma within a lesion favors 
a benign proliferative process 

5. Random or scattered cytological atypia in well-formed glands 
favors a benign process. Well-formed prostate cancer typically has 
uniform cytological atypia 

6. Utilize immunohistochemical markers to support the 
morphological impression, know the limitations of markers, and 
make sure stains have appropriate controls 

7. Adenosis, atrophy, and HGPIN are typically characterized by 
fragmented and patchy basal cell staining; many may entirely lack 
basal cells 

8. Majority of HGPIN and nephrogenic adenoma lesions and 
variable proportion of adenosis and parietal atrophy lesions 
express racemase (AMACR) 


Fig. 7.55 Xanthoma cells grow in a diffuse infiltrative pattern, mimicking poorly differentiated prostate carcinoma with foamy features (a). Lack 
of any glandular differentiation and relatively bland nuclear features suggests the diagnosis of xanthomatous infiltrate (b) 


References 


Fig. 7.56 In small needle biopsy samples, xanthomatous inflammation 
may mimic high-grade foamy carcinoma (a). A panel of immunohisto- 
chemical markers of histiocytic lineage (CD68) (b) and pancytokeratin 
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Intraductal Carcinoma of the Prostate 
(IDC-P) and Atypical Intraductal 


Proliferation (AIP) 


Intraductal carcinoma of the prostate (IDC-P) is an intraglan- 
dular/ductal neoplastic proliferation of prostatic glandular 
epithelial cells that is characterized by marked expansion of 
glandular architecture and nuclear atypia that often exceeds 
than seen in invasive carcinoma. It has been long recognized 
that some “invasive” prostatic carcinomas had residual basal 
cells on H&E staining or basal cell immunostains. McNeal 
and Yemoto first reported that it represented an aggressive 
form of acinar carcinoma [1]. The concept of IDC-P has 
evolved significantly since then to culminate in recognizing 
it as a distinct entity in the 2016 WHO blue book [2]. 

Two morphological hallmarks of IDC-P are expansile 
growth of atypical cells that forms large dense cribriform and/ 
or solid architecture and intraductal/acinar location of the 
atypical cells with preservation of basal cells. IDC-P is a clini- 
cally aggressive form of prostate cancer that is typically asso- 
ciated with a high Gleason score, large tumor volume, 
extraprostatic extension, positive lymph node status, and 
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increased recurrence risk. A diagnosis of IDC-P in biopsy 
mandates immediate repeat biopsy or definitive therapy even 
in the absence of documented invasive PCa. Therefore, an 
accurate recognition of IDC-P and its distinction from HGPIN 
is crucial to patient management. A lesion that histologically 
appears more ominous than HGPIN but do not fulfill the crite- 
ria of classical IDC-P is termed as atypical intraductal prolif- 
eration (AIP). AIP is typically characterized by loose 
cribriform proliferations lacking intraluminal necrosis and 
nuclear atypia that is characteristic of IDC-P. Such lesions in 
the past have also been referred to as atypical cribriform lesion 
(ACL) or atypical intraductal cribriform proliferation. 
Emerging molecular studies have shown distinct differences 
between IDC-P and HGPIN but similarity between IDC-P and 
AIP [3, 4]. This chapter summarizes the current concepts on 
morphologic and molecular characteristics of IDC-P, its dif- 
ferential diagnoses, and an approach to work-up of atypical 
intraductal proliferative lesions in prostate needle biopsies. 
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R. B. Shah, M. Zhou, Prostate Biopsy Interpretation, https://doi.org/10.1007/978-3-030-13601-7_8 
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128 8 Intraductal Carcinoma of the Prostate (IDC-P) and Atypical Intraductal Proliferation (AIP) 


8.1 Intraductal Carcinoma of the Prostate 
[1-19] 


Table 8.1 Intraductal carcinoma of the prostate 


Microscopical features (Figs. 8.1, 8.2, 8.3 and 8.4) 

Low-power architecture 

Nonconfluent yet crowded proliferation of large expansile atypical glands with plethora of patterns, including dense cribriform, solid, or 
micropapillary architecture, may be present (see Figs. 8.1 and 8.2). Dense cribriform pattern characterized by cellular proliferation involving 
>50% of glandular lumen and solid architecture are specific features 

Pleomorphic high-grade nuclei and/or intraluminal necrosis may be present in subset of cases and are required features for glands lacking 
dense cribriform or solid pattern (see Fig. 8.2) 

Usually associated with adjacent invasive cancer 

High-power cytology 

Nuclear enlargement, hyperchromasia, and enlarged nucleoli are present in all cases but some of the defining features of IDC-P such as 
pleomorphic nuclei and/or nuclear enlargement 6x of adjacent nuclei and intraluminal necrosis seen only in a subset of cases. Significant 
proportion of intraductal proliferations exhibit “low-grade” features with loose cribriform architecture that fall short of classic IDC-P criteria 
and may mimic HGPIN. Such lesions have also been referred to as “atypical intraductal proliferation” or “atypical cribriform lesion” 

Basal cells may be visible but may require stains for confirmation in select situations (see below) 

Immunohistochemical and molecular features (see Fig. 8.3) 

Positive for prostate-specific antigen (PSA), prostate-specific membrane antigen (PSMA), and NKX3.1 and negative for GATA3; basal cell 
markers p63 and high molecular weight cytokeratin highlight residual basal cells 

ERG protein overexpression, suggestive of TMPRSS2:ERG gene fusions in up to 70% of cases and concordant between IDC-P and adjacent 
invasive carcinoma 

Loss of PTEN tumor-suppressive gene in up to 70% of cases and such a loss typically concordant between intraductal carcinoma and adjacent 
invasive carcinoma 

Differential diagnosis (see Figs. 8.4, 8.5 and 8.6) 

HGPIN (also see Table 8.2 and Fig. 8.4) 

A few small cribriform glands with smooth contour or non-cribriform glands with low-grade nuclei; does not have dense cribriform or solid 
architecture, pleomorphic nuclei or nuclei 6x of adjacent nuclei, and intraluminal necrosis; however, any expansile loose cribriform 
proliferation exhibiting cytological atypia warrant further work up before diagnosing it as a HGPIN (see Fig. 8.4). Such lesions are also termed 
as atypical intraductal proliferation (AIP) or atypical cribriform lesion (ACL). The presence of PTEN loss suggests intraductal carcinoma over 
HGPIN. ERG overexpression may be seen in small proportion (~15%) of HGPIN 

Intraductal spread of urothelial carcinoma 

Cribriform and glandular architecture favor IDC-P 

A panel of PSA, PSMA, NKX3.1, GATA3, and basal cell markers are useful to make a definitive diagnosis. IDC-P demonstrates reactivity for 
prostate markers while negative for other markers, whereas peripheral basal cells are highlighted by basal markers. Urothelial carcinoma has 
opposite staining pattern (Fig. 8.5) 

Ductal adenocarcinoma 

Ductal adenocarcinoma and IDC-P share morphological features and frequently coexist, making this distinction particularly problematic in 
needle biopsies 

Confluence, columnar lining epithelium with slit-like lumina favor ductal adenocarcinoma; branching glands suggest IDC-P 

Lack of basal cell lining supports ductal adenocarcinoma diagnosis but residual basal cells are frequently present in ductal adenocarcinoma 
exhibiting intraductal spread 

Cribriform acinar adenocarcinoma 

Cribriform carcinoma lacks basal cell lining. Gland confluence suggests cribriform carcinoma; branching glands suggest IDC-P. Contemporary 
literature lumps both cribriform Gleason patttern 4 and IDC-P as “cribriform architecture”, a logical approach as both are associated with 
similar adeverse outcomes. Therefore, distinction between two is of little clinical significance 

Clinical significance (Fig. 8.7) 

IDC-P is considered to represent intraductal/acinar spread by invasive cancer and is not Gleason graded 

IDC-P in biopsy is often associated with high-grade and large-volume carcinoma. It is an important prognostic parameter independent of other 
established clinical and pathological parameters. It is associated with adverse findings in radical prostatectomies including high Gleason score, 
large tumor volume, and high pathologic stage. Recent studies have shown that cribriform cancer glands/intraductal carcinoma is an 
independent parameter for post-prostatectomy PSA recurrence and should be considered an exclusion criterion for active surveillance 

Rarely a sole finding in prostate biopsies without concomitant invasive carcinoma 

Recommend immediate rebiopsy or definitive therapy even as a sole finding in biopsy (see Fig. 8.7). Up to 10% of patients may have 
intraductal carcinoma only at radical prostatectomy 

The diagnosis of IDC-P should be confirmed using basal cell markers when there is concern whether the biopsy contains intraductal carcinoma 
only or invasive cancer or when the Gleason grade could change with the diagnosis of intraductal carcinoma. Routine use of basal cell markers 
to confirm IDC-P in the setting of high-grade prostate adenocarcinoma is not recommended 

Atypical intraductal proliferation (AIP) is morphologically more atypical than HGPIN but lacks characteristic features of IDC-P. Accumulating 
evidence suggests that such lesions have genetic alterations (ERG and PTEN status) and clinical behavior similar to bona fide intraductal 
carcinoma. In our experience, AIP detected in biopsy is a marker of unsampled IDC-P at radical prostatectomy. Such lesions in biopsy should 
not be simply regarded as HGPIN, which may be conservatively followed. On the contrary, immediate repeat biopsy is warranted in this setting 
to rule out unsampled invasive carcinoma 

IDC-P represents retrograde spread of prostate cancer cells in majority of cases. In some cases, it may also represent precursor lesion to 
prostate cancer 
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Fig. 8.1 Low- (a, b) and high-power (c) view of an IDC-P in prostate necrosis is seen; basal cell markers highlight the peripheral layer of 
biopsy showing several large expansile, irregular, branching cribriform basal cells (b). Basal cells can be appreciated on hematoxylin-eosin 
glands with dense cribriform architecture where the cellular mass stain image (c) but may require immunohistochemistry confirmation 
which occupies >50% of the lumen is seen. Focal intraluminal comedo- 


Fig. 8.2 A wide range of 
morphological patterns may be seen 
in intraductal carcinoma, including 
large branching expansile dense 
cribriform glands with irregular 
lumina (a), dense cribriform with 
punched out lumina (b), solid (c), 
glands with comedonecrosis (d), 
partial involvement of benign gland 
(e), pleomorphic nuclei that are >6x 
of the adjacent nuclei (f), and 
neoplastic cells exhibiting marked 
variation in nuclear size (g) 
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Intraductal Carcinoma of the Prostate (IDC-P) and Atypical Intraductal Proliferation (AIP) 


Fig. 8.3 Prostate biopsy showing IDC-P and associated invasive pros- 
tate adenocarcinoma (PCa) components stained with ERG and PTEN 
antibodies. The IDC-P component demonstrates large branching gland 
with dense cribriform architecture (arrow) (a). PIN4-ERG multiplex 
stain demonstrated preservation of basal cells (brown chromogen) in 
corresponding IDC-P component. There is diffuse ERG overexpression 


(red chromogen) in IDC-P and PCa (b). PTEN immunostaining demon- 
strates PTEN loss in IDC-P and adjacent PCa. Adjacent stromal cells 
demonstrate preservation of staining and serve as an internal control 
(arrow) (c). New markers such as PTEN and ERG may be used to dis- 
tinguish intraductal carcinoma from its close mimic HGPIN 


Fig. 8.4 Atypical intraductal proliferation (AIP) is morphologically 
more atypical than HGPIN but lacks characteristic features of IDC- 
P. Accumulating evidence suggests that such lesions have genetic alter- 
ations (ERG and PTEN status) and clinical behavior similar to bona fide 
intraductal carcinoma. A representative example of typical morphologi- 
cal presentation of AIP in prostate core needle biopsy. Several glands 
present with lumen-spanning proliferation exhibiting loose cribriform 


architecture with morphological features worse than HGPIN but falling 
short of IDC-P (a). PIN4-ERG multiplex stains demonstrate preserva- 
tion of basal cells and ERG overexpression (b). PTEN loss further sug- 
gests the diagnosis of AIP (c). AIP in biopsy should not be simply 
regarded as HGPIN, which may be conservatively followed. On the 
contrary, immediate repeat biopsy is warranted in this setting to rule out 
unsampled clinically significant invasive carcinoma [2-4, 20] 


Fig. 8.5 When atypical cells expand prostate glands and form solid 
nests with residual basal cells, intraductal spread of high-grade urothe- 
lial carcinoma should always be considered and ruled out before diag- 
nosing IDC-P. Associated dense cribriform architecture and/or 
glandular differentiation favors IDC-P over urothelial carcinoma, but 


immunostains are necessary to confirm the diagnosis. Note the rela- 
tively uniform high-grade cells and solid architecture (a, b). Luminal 
tumor cells demonstrate p63 nuclear reactivity (c), whereas PSA and 
PSAP are negative (not shown), supporting the diagnosis of intraductal 
spread of urothelial carcinoma 
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8.2 Pathologic Features That Are 
Associated with IDC-P and Helpful 
to Differentiate from Cribriform 
HGPIN [16] 


Table 8.2 Pathologic features associated with intraductal carcinoma 
of the prostate 


Number of glands (>6) 

Size (>1 mm) 

Branching contour 

Dense cribriform or solid architecture 

Comedonecrosis 

Nuclear size >6x of adjacent nuclei or pleomorphic nuclei 


Prostatic glands with lumen-spanning 


cytologically malignant cells 


Yes Basal cells present No 


Solid or dense (>50% 
lumen filled with cells) 


Invasive carcinoma 


Intraductal carcinoma 
Nuclei > 6 times (IDC-P) 


normal 


Nonfocal 
comedonecrosis 


Irregular contour with 
loose cribriform 
architecture 


Atypical intraductal 
proliferation (AIP) 


cannot exclude IDC-P 


Nuclear atypia more 
than HGPIN 
but falling short 
of IDC-P 


No 


HGPIN 


Fig. 8.6 General approach to the work-up of atypical intraductal cribriform lesions in prostate needle biopsy. PCa prostate cancer, HGPIN high- 
grade prostatic intraepithelial neoplasia, UCC urothelial cell carcinoma 
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Fig. 8.7 Reporting 
recommendations for prostate 
biopsies with IDC-P and 

AIP. IDC-P intraductal 
carcinoma of the prostate, 
AIP atypical intraductal 
proliferation, PCa prostate 


Intraductal Carcinoma of the Prostate (IDC-P) and Atypical Intraductal Proliferation (AIP) 


Reporting recommendations for prostate biopsy with IDC-P and AIP 


IDC-P or AIP in prostate biopsy 
(Do not grade IDC-P) 


cancer rr 
: : Atypical intraductal 
Associated Without proliferation alone 
with PCa PCa without associated 
invasive PCa 
Grade >8 Grade 6/7 
v Recommend v¥Grade PCa and v Diagnose IDC-P v Recommend 
to report IDC-P document IDC-P and document its immediate 
(may provide an and its poor poor prognostic repeat biopsy 
additional prognostic significance in the 
prognostic value) significance in report 
the report Advise immediate 
rebiopsy or 
recommend definitive 
therapy 
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updates 


High-Grade Prostatic Intraepithelial 


Neoplasia 


Prostatic intraepithelial neoplasia (PIN) is considered a pre- 
cursor lesion to prostate carcinoma [1-3] and a surrogate 
marker for cancer in prostate biopsies. It is characterized by 
secretory epithelial proliferation within the prostate glands 
and acini that display significant cytological atypia. PIN does 
not result in an abnormal digital rectal examination nor ele- 
vated serum prostate-specific antigen (PSA) level and can 
only be diagnosed by histological examination of the prostate 
tissue. Based on the degree of atypia, PIN can be categorized 
into low-grade (LGPIN) and high-grade PIN (HGPIN) [4]. 
The significance of a PIN diagnosis in biopsy is the cancer 
risk in follow-up repeat biopsies [15]. LGPIN is not associ- 
ated with increased cancer detection in follow-up repeat biop- 
sies, and its diagnosis is not readily reproducible even among 
urologic pathologists; therefore, it should not be diagnosed 
and reported in prostate biopsy [2]. The clinical significance 
and management of HGPIN diagnosed in needle biopsy have 
drastically changed in the last decade. The diagnosis carries a 
20-30% cancer risk in subsequent biopsies, which is not sig- 
nificantly higher than the cancer risk associated with a benign 
or LGPIN diagnosis. Therefore, men with HGPIN involving 
a single biopsy core should be followed similarly to men with 
benign results and do not need repeat biopsy. Men with 
HGPIN involving multiple cores have an increased risk of 
cancer compared with those with a benign or unifocal 
HGPIN. These patients are recommended for additional 
serum and urine biomarker testing and imaging studies to 
assess the risk of high-grade cancer, and the decision to per- 
form repeat biopsy depends upon such risk assessment [2]. 
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9.1 Histological Features of High-Grade 


Prostatic Intraepithelial Neoplasia 
(HGPIN) 


Table 9.1 Histological features of HGPIN 


Architecture 

Darker-appearing glands with benign architecture at low scanning 
magnification (Figs. 9.1 and 9.2) 

May partially involve a prostate gland (Fig. 9.3) 

Four major architectural patterns: flat, tufting, micropapillary, and 
cribriform (Fig. 9.4) [5] 

Minor histological variants: mucinous, foamy gland, and inverted 
(Fig. 9.5) [6] 

Cytology 


Nuclear enlargement, crowding, irregular spacing and stratification 


with chromatin hyperchromasia, and clumping (see Fig. 9.2) 
Prominent nucleoli visible at 20x magnification or mitosis or 
pleomorphic nuclei if nucleoli not prominent (Fig. 9.6) [7] 
Immunohistochemistry 

Secretory cells positive for pan- and low molecular weight 


cytokeratin; often with reduced expression of PSA and prostatic acid 


phosphatase 


Often has discontinuous basal cell layer marked with HMWCK and 


p63 (see Figs. 9.2 and 9.7) 


60-80% of HGPIN lesions positive for «-methylacyl-CoA racemase 


(AMACR) (P5048) (see Figs. 9.2 and 9.7) [8, 9] 
20% of HGPIN lesions harbor ERG gene rearrangement, always 
adjacent to ERG-rearranged cancer (Fig. 9.8) [10-12] 


R. B. Shah, M. Zhou, Prostate Biopsy Interpretation, https://doi.org/10.1007/978-3-030-13601-7_9 
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Fig. 9.1 Low-grade PIN. At scanning power, low-grade PIN glands 
(arrows) are architecturally similar to but appear darker than the adja- 
cent benign glands (a). At higher magnification, the secretory cells have 
crowded and stratified nuclei that are enlarged and have variable sizes. 
No prominent nucleoli are appreciated at 20x magnification (b). p63 
immunostain demonstrates continuous basal cell layer (c) 
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Fig. 9.2 HGPIN. At scanning power, HGPIN glands (arrows) are architec- 
turally similar to but appear darker than the adjacent benign glands (a). At 
20x magnification, the secretory cells have crowded and stratified nuclei that 
are enlarged and have coarse and clumpy chromatin. Importantly, large and 
conspicuous nucleoli are present in the secretory cells (b). Nuclei toward the 
center of the gland tend to have less atypia compared with those at the 
periphery of the gland. Because the nucleolar prominence is affected by tis- 
sue fixation and staining, one should always compare HGPIN glands with 
adjacent benign glands. The nucleoli are considered to be prominent when 
they are larger and more conspicuous than those in the benign glands. 
Cytometric measurement is not reproducible. Glands with more than 10% 
cells with prominent nucleoli are regarded by some pathologists as diagnos- 
tic of HGPIN, a criterion not well accepted. HGPIN glands often have dis- 
continuous basal cell layer, or even absent basal cell layer especially in small 
glands (c). The majority of HGPIN glands are positive for AMACR (c) 
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Fig. 9.3. HGPIN partially involves a prostate 
gland 


Fig. 9.4 Four major architectural patterns of HGPIN. These patterns 
often coexist in the same biopsy. Tufting pattern is the most common 
(a). Micropapillary HGPIN has long and slender papillae without fibro- 
vascular core (b). Flat HGPIN (c). Cribriform HGPIN is least common 


(d). The majority of cribriform glands with atypical cells are now con- 
sidered intraductal carcinoma. HGPIN of different architectural pat- 
terns has no significant clinical difference, and its recognition is for 
diagnostic consideration only 
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Fig. 9.5 Unusual histological patterns of HGPIN, including inverted glands containing signet ring cells or neuroendocrine cells with features 
PIN with nuclei polarized away from the basal to the luminal surface of of small cell carcinoma have been reported and should however be 
the gland (a), foamy gland PIN with abundant foamy cytoplasm (b), regarded as intraductal carcinomas 

and PIN with Paneth cell-like differentiation (c). Rare cases of HGPIN 


8 ibs j 
t DNN |. 
é` Wy 

s R san iy \ 
~» es, i } (Tia 

etek, \! 

> : ` 

= EN AN `i z | 
eS 4 “a 
mnte: AP kr px pei 

CaS] „* a¢, 2 

a Poe a 

f S << MP 


Y SA. 


Fig. 9.6 HGPIN can be diagnosed when there are mitotic figures (a and b, arrow) and/or pleomorphic nuclei (c and d) in glands with HGPIN- 
associated morphological features but inconspicuous nucleoli 
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Fig.9.7 A focus of HGPIN glands (a) stained with a cocktail contain- staining (b). Small HGPIN glands may not have basal cells. The major- 
ing p63 and AMACR antibodies. Two glands have focal and discontinu- ity of HGPIN is positive, at least weakly, for AMACR (b) 
ous basal cell lining, whereas the other two glands have no basal cell 


Fig. 9.8 HGPIN glands (center) adjacent to ERG-positive cancer are 
positive for ERG. Such glands are regarded as intraductal carcinoma by 
some authorities [19, 20]. Positive ERG staining in isolated HGPIN 
glands distant from cancer is exceedingly rare 


Fig.9.9 Algorithm for the diagnosis of HGPIN in needle biopsy. When 
scanning biopsy cores, one should look for dark-appearing glands with 
architecture similar to the adjacent paler benign glands. If these dark- 
appearing glands are found, one should switch to 20x magnification and 
look for nuclear enlargement, stratification, and clumpy, hyperchromatic 
chromatin. However, the most important diagnostic criterion is promi- 
nent nucleoli (compared with adjacent benign glands) visible at 20x 
magnification in at least some secretory cells. Due to its diminished 
clinical significance, one should use strict diagnostic criteria. Mimickers 
of HGPIN should always be considered and ruled out 
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9.2 Clinical Significance of HGPIN 


Table 9.2 Clinical significance of HGPIN [2] 


Incidence in biopsy 
Mean, 7.7%; median, 5.2%; range, 0-24.6% 
Cancer risk following biopsy diagnosis of HGPIN 
Slightly increased compared with a benign or low-grade PIN diagnosis in studies published after 2005 (27% vs. 19%) [2, 13, 14] 
Focal HGPIN (involving one core) diagnosed on extended biopsy is not associated with increased cancer risk [2] 
Multifocal HGPIN (involving >2 cores) have an increased cancer risk on repeat biopsy compared with a benign or unifocal HGPIN [2] 
Clinicoradiological parameters predicting cancer risk in repeat biopsy 
Association between age and cancer risk is conflicting 
No data on the association between race and cancer risk 
PSA (total PSA, free PSA, PSA velocity) and digital rectal examination not associated with the cancer risk [2, 14] 
Imaging (ultrasound or magnetic resonance imaging) does not predict cancer risk 
Pathological parameters predicting cancer risk in repeat biopsy 
Morphology (flat vs. tufting vs. micropapillary vs. cribriform) not associated with cancer risk 
Number of cores involved by HGPIN [2] 
Unifocal HGPIN not associated with increased cancer risk 
Multifocal (>2 cores) HGPIN associated with an increased cancer risk 
Tumor markers predicting cancer risk in repeat biopsy 
ERG gene fusion and immunohistochemistry for ERG protein have limited value 
Cancer characteristics following an initial HGPIN diagnosis 
Majority have Gleason score 6 (grade group 1) and are organ-confined [2] 
Clinical recommendations 
Repeat biopsy not be performed routinely for single core HGPIN 
For HPGIN involving multiple cores, follow-up with additional serum and urine biomarker studies (4Kscore, PHI, etc.) and multiparametric 
MRI to assess the risk of high-grade cancer which helps decide whether to do repeat biopsy [21] 
If repeat biopsy is to be performed, the site of the initial HGPIN should be sampled more extensively 
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Table 9.3 Differential diagnosis of HGPIN 


Normal prostatic structure 

Central zone glands 

Seminal vesicle/ejaculatory duct epithelium 

Benign lesions 

Reactive atypia due to inflammation, infarction, or radiation 

Transitional cell metaplasia 

Squamous cell metaplasia 

Hyperplasia 

Clear cell cribriform hyperplasia 

Basal cell hyperplasia (Fig. 9.10) 

Prostate carcinoma 

Prostate carcinoma with cribriform pattern (Fig. 9.11) 

PIN-like prostate carcinoma (Fig. 9.12) [16, 17] 

Ductal adenocarcinoma (Fig. 9.13) Fig. 9.10 Basal cell hyperplasia mimicking HGPIN. Benign prostate 

Intraductal carcinoma of the prostate (Fig. 9.14) [18-20] glands rimmed with basal cells with prominent nucleoli. Different from 
HGPIN, basal cells typically proliferate outward into the surrounding 
stroma and do not extend to the luminal surface. Their nuclei appear 
blue-grayish and smooth as opposed to reddish granular nuclei in secre- 
tory cells 
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Fig.9.11 Prostate carcinoma with cribriform architecture. Large crib- 
riform prostate cancer glands may be mistaken for HGPIN (a), but they 
are almost always accompanied by smaller cancer glands. The diagno- 


sis can be confirmed by cancer-specific histological features, such as 
perineural invasion or extraprostatic extension, or confirmed by the 
absence of basal cell markers (b) 


Fig. 9.12 PIN-like prostate cancer mimicking HGPIN. The biopsy 
contains a focus of closely packed large glands with irregular contour 
and undulating luminal border (a). These glands are lined with stratified 
nuclei with significant atypia (b), suspicious for HGPIN. However, they 


are negative for basal cell marker p63 and positive for AMACR (c). 
PIN-like cancer has closely packed glands as opposed to PIN glands 
with moderate intervening stroma. Absent basal cell staining is required 
to establish a cancer diagnosis in needle biopsy 


Fig. 9.13 Ductal adenocarcinoma of the prostate. It comprises glands 
much larger than benign glands (a). The cancer glands are lined with 
stratified columnar cells with or without significant nuclear atypia, 


superficially resembling endometrial glands (b). Necrosis can be pres- 
ent. Stains for basal cell markers may be confusing, as ductal carcinoma 
may retain basal cells in some cases 
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Fig. 9.14 Intraductal carcinoma of the prostate. Large glands with 
markedly irregular glandular contour intermingle with invasive cancer 
(a). These glands have much larger size and more irregular shape than 
HGPIN glands and are much more likely to have dense cribriform (b) 


9.4 


Reporting of HGPIN 


Table 9.4 Reporting of PIN 


Low-grade PIN should not be diagnosed and reported 

Quantifying HGPIN as focal (one core involved) vs. multifocal (>2 
cores involved), as the HGPIN focality correlates with the cancer 
risk in subsequent biopsy 
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Check for 
updates 


Atypical Glands Suspicious for Cancer 


(ATYP) 


The diagnostic term “atypical glands suspicious for cancer 
(ATYP),” or “atypical small acinar proliferation (ASAP),” 
describes a small focus of prostate glands that exhibits archi- 
tectural and cytological atypia and is suspicious for, yet falls 
short of, the diagnostic threshold for prostate cancer [1]. It is 
not a distinct biological entity; rather, it encompasses a range 
of lesions of varying clinical significance, including under- 
sampled cancer, high-grade prostatic intraepithelial neopla- 
sia (HGPIN), benign lesions that mimic cancer, and benign 
prostate glands with reactive atypia [1, 2]. An ATYP diagno- 
sis in prostate needle biopsy is considered a risk factor for 
finding prostate cancer in subsequent biopsies [3]. Such risk 
ranges from 27% to 47%, with an average of 42%, in recent 
studies [2]. National Comprehensive Cancer Network 
(NCCN) recommends patients with ATYP on initial biopsies 
for additional biomarker testing, such as free PSA %, pros- 
tate health index (PHI) or 4Kscore, and imaging studies, to 
assess the risk of high-grade cancer and consider repeated 
biopsy with relative increased sampling of the site of the 
atypical diagnosis [4]. 
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10.1 Histological Features Resulting 
in ATYP 


Table 10.1 Histological features resulting in ATYP 


Too few atypical glands (lesion minimally sampled in biopsy) 
(Fig. 10.1) 


10 


Biopsy and tissue processing artifact impeding adequate biopsy 


evaluation 

Crush artifact obscuring morphology (Fig. 10.2) 

Poorly fixed or stained tissue section (Fig. 10.3) 

Atypical glands at the tip or edge of biopsy core (Fig. 10.4) 
Atypical morphology that can be seen in both cancer and 
non-cancer lesions 

Crowded glands with minimal cytological atypia (cancer vs. 
adenosis) (Fig. 10.5) 


Disorganized and poorly formed glands (cancer vs. partial atrophy) 


Atypia in atrophic glands (atrophic cancer vs. benign atrophy) 
(Fig. 10.6) 
HGPIN with adjacent small focus of atypical glands (PINATYP) 


(microinvasive cancer developing from HGPIN vs. outpouching or 


tangential sectioning of HGPIN) (Fig. 10.7) [5] 

Atypia in the milieu of inflammation (inflamed cancer glands vs. 
reactive atypia) (Fig. 10.8) 

Confusing immunohistochemistry 


Negative basal cell markers in a benign-appearing lesion (Fig. 10.9) 


Positive a-methylacyl-CoA racemase (AMACR) in a benign- 
appearing lesion (Fig. 10.10) 


Focal positive basal cell markers in a lesion that otherwise looks like 


cancer (Fig. 10.11) 
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Aa 


Fig. 10.1 Prostate biopsy with limited number of atypical glands. The AMACR (c). Although highly suspicious for cancer, a definitive cancer 
biopsy contains two small glands with rigid lumens (a) and enlarged diagnosis cannot be established due to too few atypical glands present 
nuclei (b). They are negative for basal cell marker p63 and positive in the biopsy 
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Fig. 10.2 Crush artifact obscures the morphology and impedes an (HMWCK) (b) and positive for AMACR (c). A diagnosis of cancer was 
adequate evaluation of the biopsy (a). Recut and immunohistochemis- rendered after reviewing the immunostains, without which a definitive 
try may be helpful. In this example, the small crushed glands were diagnosis is not possible and the diagnosis likely remains as ATYP 
negative for basal cell marker, high molecular weight cytokeratin 


Fig. 10.3 Thick section impedes evaluation of the biopsy. This biopsy the thick tissue sections (b). Recut and immunohistochemistry may be 
contains many small crowded glands that exhibit infiltrative growth (a). helpful. Without further work-up, the diagnosis is ATYP 
Evaluation of the cytological features of these glands is hampered by 
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Fig. 10.4 Atypical glands at the edge of the biopsy core (arrow, a). In addition, one cannot be certain whether the atypical glands represent 
These atypical glands are negative for basal cell marker p63 and posi- outpouching from or tangential sectioning off the adjacent high-grade 
tive for AMACR (b). However, a cancer diagnosis cannot be estab- PIN or carcinoma glands that are not sampled in the biopsy core 
lished because too few glands are present at the edge of the tissue core. 


Fig. 10.5 A focus of circumscribed crowded glands (a) with slight tion zone of the prostate. Immunostains for basal cell markers and 
nuclear enlargement and small nucleoli (b). The differential diagnosis _ AMACR should be performed in an attempt to reach a definitive 
includes adenosis and cancer that is typically found in anterior or transi- diagnosis 


Fig. 10.6 Atrophic glands with crowded growth pattern (a) and nuclear tural and/or cytological atypia, including small glands with rigid lumens, 
enlargement and small nucleoli (b). The differential diagnosis includes an nuclear enlargement, and small nucleoli. However, frank nuclear atypia 
atrophic cancer and benign atrophy. Cancer glands may have atrophic cyto- typical of cancer is not seen in benign atrophy. Immunostains for basal cell 
plasm. Benign atrophic glands may also exhibit some degree of architec- markers and AMACR should be performed in such borderline cases 
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Fig. 10.7 HGPIN with adjacent small focus of atypical glands 
(PINATYP). Three small atypical glands (arrow) lie immediately adja- 
cent to larger HGPIN glands (a). The nuclear atypia in these small 
atypical glands (arrow) is similar to that in the HGPIN glands (b). It is 
uncertain whether these small atypical glands represent a focus of 
microinvasive cancer that has developed from the HGPIN glands or tan- 
gential sectioning off and/or outpouching from the HGPIN glands. 


Such distinction may be possible based on the number of the atypical 
glands, their distance to the HGPIN glands, and tumor marker expres- 
sion (AMACR, PTEN, ERG, etc.) in both atypical and HGPIN glands 
(see Table 10.2). If the atypical glands are more than a few, not imme- 
diately adjacent to the HGPIN gland and have discordant marker 
expression profile from the adjacent HGPIN, they are unlikely the result 
of tangential sectioning off and/or outpouching from the HGPIN gland 


Fig. 10.8 Atypia associated with marked inflammation. This biopsy 
harbors a group of small glands (a) that exhibit nuclear enlargement 
and prominent nucleoli (b). There is marked acute inflammation (b). 
Inflamed benign glands may exhibit architectural and cytological 
atypia, including cribriform architecture, nuclear enlargement, and 
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Fig. 10.9 Benign glands can occasionally be negative for basal cell 
markers. Several small glands (arrowheads) are cytologically identical 
to adjacent, larger, benign glands (arrows, a). No significant nuclear 
atypia is observed (b). One gland is negative and the other one focally 
positive for basal cell marker p63 (c). Basal cells may be absent in some 


prominent nucleoli. On the other hand, cancer glands may be inflamed. 
Therefore, both conditions should be considered for a focus of atypical 
glands with inflammation. Immunostains for basal cell markers and 
AMACR should be performed to reach a definitive diagnosis 


noncancerous conditions including partial atrophy and adenosis. The 
lack of basal cells does not equate to cancer. When evaluating atypical 
glands, one should always use the adjacent benign glands as reference. 
A cancer diagnosis cannot be rendered in the absence of significant 
nuclear atypia 
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Histological Features Resulting in ATYP 


Fig. 10.10 Positive AMACR staining in benign prostate glands. 
Several small glands are adjacent to (arrows, a) and cytologically iden- 
tical to large benign glands (b). These small glands are negative for 
basal cell markers and positive for AMACR (c). Although preferentially 
expressed in prostate cancer glands, AMACR expression is also found 


in non-cancer glands, including HGPIN, adenosis, partial atrophy, and 
morphologically benign glands. When evaluating atypical glands, one 
should always use the adjacent benign glands as reference. A cancer 
diagnosis cannot be rendered in the absence of significant nuclear 
atypia 


Fig. 10.11 A focus of small atypical glands highly suspicious for can- 
cer with crowded growth pattern and enlarged nuclei and prominent 
nucleoli (a). However, several glands have basal cell marker HMWCK 


Table 10.2 Distinction between microinvasive cancer developed from 
HGPIN and tangential sectioning off/outpouching from HGPIN 
(Fig. 10.12) 


Tangential sectioning 

Microinvasive off/outpouching from 
cancer HGPIN 

Number of atypical Any, but usually A few 

glands more than a few 

Distance from the > diameter of the Immediately adjacent 

adjacent HGPIN atypical glands to HGPIN 

glands 

Tumor marker May be discordant Identical 


expression in atypical 
and HGPIN glands 


(b). Although basal cells are rarely present in prostate cancer [6], such a 
diagnosis should be reserved for radical prostatectomy or transurethral 
resection specimens when a large amount of tissue can be examined 
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Fig. 10.12 A small atypical gland (arrow) is immediately adjacent to 
a larger HGPIN gland. The small gland is negative for basal staining, 
while the adjacent HGPIN gland has scarce basal cell stain. Both have 
positive AMACR staining; therefore, the small atypical gland is likely 
to result from tangential sectioning off or outpouching from the HGPIN 


10.2 Working Up Cases with ATYP 


Table 10.3 Working up prostate biopsies with atypical glands 


gland (a). In contrast, three small atypical glands in (b) (arrow) are 
negative for basal cell markers and have strong AMACR staining, dis- 
tinct from the complete basal cell and weak AMACR staining in the 
adjacent HGPIN gland; therefore, they represent microinvasive cancer 


Recut or deeper section may improve the histology and increase the number of atypical glands 
Ancillary immunohistochemistry reduces the incidence of atypical prostate biopsy and converts ATYP to definitive diagnosis (see Fig. 10.2, 


Fig. 10.13) 


Expert consultation may lead to definitive diagnosis in some cases [1, 7] 


Fig. 10.13 A focus of atypical glands (arrows) are large and have 
irregular contour and undulating luminal borders, similar to the adja- 
cent benign glands (asterisks) (a). These atypical glands (arrows) do 
not have significant nuclear atypia compared with the adjacent benign 
glands (asterisks) (b). A diagnosis of “atypical glands suspicious for 


cancer” would be appropriate. By immunohistochemistry, these atypi- 
cal glands are negative for basal cell markers and positive for AMACR 
(c). A cancer diagnosis is rendered after taking into consideration the 
H&E morphology and IHC staining pattern 
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10.3 Clinical Significance and Management 
of ATYP 


Table 10.4 Clinical significance of ATYP [1, 8] 


Incidence 

Mean, 5.0%; median, 4.4%; range, 0.7—23.4% 

Cancer risk in subsequent repeat biopsy 

~40% 

Men with ATYP diagnosis in MRI-targeted biopsy seem to have a very low risk of being diagnosed with clinically significant cancer in repeat 
biopsy 

Clinical parameters predicting cancer in subsequent biopsy 

None, including prostate-specific antigen (PSA) measurements (total PSA, free PSA, PSA velocity), digital rectal examination, and transrectal 
ultrasound imaging findings 

Pathological parameters predicting cancer in subsequent biopsy 


Bales 


None, including categorizing ATYP into “favor cancer,’ “indeterminate,” and “favor benign,” based on the degree of suspicion for cancer and 
extent of ATYP 

Cancer characteristics following an initial ATYP diagnosis [9] 

GS 6 in 74% and GS > 7 in 26% radical prostatectomy 

Follow-up scheme 

Additional biomarker testing and imaging studies to assess the risk of high-grade cancer 

Consider repeated biopsy based on such risk assessment 

Repeat biopsy strategy 

Sampling the entire gland, with increased sampling of ATYP site and adjacent areas 
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updates 


Spindle Cell Lesions of the Prostate 1 1 
Gland 


Spindle cell lesions of the prostate are encountered infre- 11.1 Classification of Spindle Cell Lesions 
quently in clinical practice but represent a broad spectrum of of the Prostate [1-2] 

diagnostically challenging lesions with varying clinical sig- 

nificance. The spindle cell lesions encompass both primary Table 11.1 Classification of spindle cell lesions of the prostate 
and secondary processes. A subset of these lesions is thought | primary spindle Primary spindle cell 


to be derived from the hormone-responsive stroma of the cell lesions unique lesions, not unique to Secondary spindle 
prostate gland, including stromal hyperplasia, stromal tO Prostate gland prostate gland cell lesions 
tumors of uncertain malignant potential (STUMP), and pros- Stromal Smooth msde eall Cesaoinestimeil 
pa ; . hyperplasia tumors (leiomyoma and stromal tumors 
tate stromal sarcoma (PSS). The utility of ancillary studies, (benign prostatic leiomyosarcoma) (GIST) 
including immunohistochemistry, is often limited, and the hyperplasia [BPH]) 
diagnosis relies on careful morphological evaluation. Sclerosing Inflammatory Other 
adenosis myofibroblastic tumor mesenchymal 
tumors 
Stromal tumor of Solitary fibrous tumor 
uncertain 
malignant potential 
(STUMP) 
Prostate stromal Rhabdomyosarcoma 
sarcoma (PSS) 
Sarcomatoid Other mesenchymal 


carcinoma of the tumors 
prostate gland 
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11.2 Specialized Stromal Tumors 
of the Prostate Gland [1-5] 


Table 11.2 Specialized stromal tumors of the prostate gland 


Definition 

A diverse spectrum of tumors with varying clinical significance arising from hormonally responsive specialized stroma of the prostate gland 
Reported under a variety of terms, including prostatic stromal hyperplasia with atypia (PSHA), phyllodes type of atypical stromal hyperplasia, 
phyllodes tumor, and cystic epithelial-stromal tumors 

Stromal tumors of uncertain malignant potential (STUMP) and prostatic stromal sarcoma (PSS) are preferred terms 

Microscopical features 

Low-power architecture 

STUMP 

Several histological patterns of STUMP are described. Different patterns often coexist 

Degenerative atypia pattern: Most common pattern seen in majority (> 50%) of cases. Hypercellular stroma with scattered atypical degenerative cells 
(symplastic pattern) admixed with benign prostate glands (Fig. 11.1a, b) 

Myxoid pattern: Bland stromal cells embedded in a myxoid stroma; often lacks admixed glands (Fig. 11.1c) 

Phyllodes-type growth pattern: Leaflike hypocellular fibrous stroma covered by benign-appearing prostatic epithelium, similar to benign phyllodes 
tumor of the breast (Fig. 11.1d) 

Hypercellular spindled, eosinophilic cells pattern: Hypercellular fusiform stromal cells with eosinophilic cytoplasm without glands (Fig. 11.1e) 
Another recently described histological pattern has “round cell” morphology 

PSS 

Monophasic or phyllodes-like biphasic stromal overgrowth with overt infiltration, greater cellularity, pleomorphism, and frequent extraprostatic 
extension (Fig. 11.2). When phyllodes-like pattern is present, there is marked stromal condensation around glands, a pattern similar to a malignant 
phyllodes tumor of breast or adenosarcoma of the uterus. 

High-grade spindle cells may demonstrate solid, storiform, epithelioid, fibrosarcomatous, or nonspecific patterns that infiltrate between benign prostate 
glands or may demonstrate stromal predominance 

High-power cytology 

STUMP 

Atypical stromal cells in STUMPs are pleomorphic and hyperchromatic, with a marked degenerative appearance 

Mitotic figures are typically absent and atypical mitotic activity should not be present 

PSS 

Stromal overgrowth with hypercellularity, frank cytological atypia, mitotic figures, and necrosis 

Epithelial component if present is typically benign in nature 

Divided into low and high grade depending on the degree of cytological atypia 

PSS, low grade, has low to moderate stromal cellularity, minimal cytological atypia, and mitosis <2/10 high-power field (HPF) and lacks necrosis 
PSS, high grade, has moderate to high cellularity, nuclear pleomorphism, mitosis >5/10 HPF, and frequent necrosis 

Immunohistochemical features 

Both STUMP and PSS typically express CD34 and vimentin 

Progesterone receptor is frequently present, while estrogen receptor is infrequently expressed 

Desmin, HHF-35, and smooth muscle actin are often positive in STUMP but negative in PSS 

In a subset of cases, pancytokeratin and CAMS.2 stains are focally expressed 

Monoclonal antibody to STAT6, suggestive of novel recurrent NAB2-STAT6 gene fusion, is typically negative. Weak nuclear expression may occur in 
subset of cases, especially using polyclonal antibody 

Differential diagnosis 

In transurethral resections, prominent stromal hyperplasia (BPH) may get confused with STUMP (Fig. 11.3). Presence of multinodularity, lack of 
intermingling glands, uniform spindle cells, prominent blood vessels with some degree of hyalinization, and presence of chronic inflammatory cells 
favor stromal BPH. BPH can occasionally have stromal indentation into a glandular space creating a “phyllodes-like” or “‘fibroadenoma-like” 
architecture. In such cases, the hyperplastic stroma does not show cellular condensation adjacent to the epithelium, and this pattern is often very focal in 
the background context of prototypical BPH. 

Past history of prostate adenocarcinoma and the presence of malignant glands suggest the diagnosis of sarcomatoid carcinoma 

The “round cell” pattern of STUMP may be more readily mistaken for a GIST, but immunostains should easily resolve this consideration. Myxoid 
pattern of prostatic STUMP may mimic inflammatory myofibroblastic tumor. C-kit and/or DOG-1 or ALK-1 immunoreactivity suggests a specific 
diagnosis of GIST or inflammatory myofibroblastic tumor, respectively. 

The presence of prominent collagen deposition favors the diagnosis of solitary fibrous tumor (Fig. 11.4). Strong and diffuse nuclear reactivity to STAT6 
supports the diagnosis of solitary fibrous tumor [6, 7] 

Definitive diagnosis in small needle biopsy may not be feasible and may need an excision for definitive classification 

Clinical presentation and significance 

Patients usually present with obstructive urinary symptoms, hematuria, and abnormal digital rectal examination (DRE) 

Rectal pain and palpable mass are present in minority of cases 

STUMPs are clinically heterogeneous in behavior but usually behave in an indolent manner and are typically confined to the prostate; rare cases 
progress to stromal sarcoma; therefore, should be considered to have an unpredictable malignant potential 

PSS occurs with an age range of 25-86 years, and approximately half of the cases affect patients <50 y. 

PSS may extend out of the prostate and may metastasize to distant sites, such as bone, lung, abdomen, and retroperitoneum 
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Fig. 11.1 The classic pattern of stromal tumor of uncertain malignant 
potential (STUMP) is characterized by proliferation of spindle cells 
admixed with benign prostate glands. Note the presence of scattered 
pleomorphic atypical cells (arrows) (a, b) and focal prominent myxoid 
change (c). Another example showing stromal and glandular prolifera- 
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Fig. 11.2 In contrast to STUMP, the prostatic stromal sarcoma (PSS) 
demonstrates high cellularity (a) and obvious cytological atypia with 
frequent mitoses (b, arrows). In this example, malignant phyllodes-like 
stromal sarcoma demonstrate hypercellular, atypical stromal cells with 


tion reminiscent of phyllodes tumor of the breast (d). Hypercellular 
stroma pattern demonstrating atypical stromal proliferation (arrows) 
without admixed prostate glands. Note atypia is degenerative in nature 
without any mitotic activity (e) 


increased mitotic activity. The leaflike elements are lined by benign 
prostatic epithelium, a helpful feature to differentiate it from carcino- 
sarcoma (sarcomatoid carcinoma) of the prostate 
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Fig. 11.3 At low magnification, stromal hyperplasia is characterized are bland and uniform and lack cytological atypia and/or mitotic activ- 
by nodular/lobular proliferation of uniform spindle cells usually with- ity. Scattered inflammatory cells and characteristic prominent blood 
out admixed prostate glands (a). At higher magnification, spindle cells vessels with thick hyalinized wall (arrows) are also evident (b) 


11.3 Solitary Fibrous Tumor 


Table 11.3 Solitary fibrous tumor 

Definition 

Solitary fibrous tumor (SFT) represents a distinct fibroblastic-type mesenchymal neoplasm and has been now described in diverse non-serosal 
sites, including the prostate gland. On the basis of ultrastructural and histochemical evidence, it is now recognized that SFT is derived from 
mesenchymal rather than mesothelial cells. Hemangiopericytoma and SFT are now considered in the same spectrum of neoplasms 
Microscopical features (see also Fig. 11.4) 

Low-power architecture 

Spindle cells with scant cytoplasm are intimately admixed with thick collagen (ropey or keloid-like) arranged in a haphazard “patternless” 
pattern 

The degree of cellularity varies within the tumor, producing hypocellular and hypercellular areas 

The presence of prominent collagen fibrils gives the tumor eosinophilic appearance, characteristic of this tumor 

Vessels are abundant and hyalinized and vary from small capillaries to characteristic larger hemangiopericytoma-like staghorn vessels 
High-power cytology 

In benign SFT, nuclei are bland, with rare to absent mitosis 

Immunohistochemical features 

Most SFTs express CD34, CD99, and bcl-2. B-catenin, SMA and MSA may also be expressed. Keratins are negative. Strong and diffuse 
nuclear reactivity of STAT6 antibody, suggestive of NAB2-STAT6 gene fusion, is characteristic and confirms the diagnosis [6, 7] 

Differential diagnosis 

In superficial biopsies obtained by transurethral resection, SFT can be difficult to recognize and my mimic closely BPH or STUMP. Stroma- 
predominant BPH has a more regular histological pattern than SFT and, unlike the latter, occurs in a background of prostatic hyperplasia, 
contains typical small hyalinized capillaries contoured by spindle cells, and lacks dense collagen deposits and hemangiopericytomatous vessels 
(see Fig. 11.3). 

Both STUMP and SFT express CD34. The presence of associated benign prostate glands suggests STUMP, while the presence of prominent 
collagen in haphazard pattern suggests the diagnosis of SFT. Strong and diffuse nuclear reactivity of STAT6 monoclonal antibody, suggestive 
of NAB2-STAT6 gene fusion, is characteristic and confirms the diagnosis of SFT. 

Clinical presentation and significance 

All reported cases of SFT have had favorable outcomes, including those considered histologically malignant. Due to rarity of the tumor and 
overall unpredictable behavior of SFT, complete resection of the tumor is recommended 
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Fig. 11.4 Solitary fibrous tumor involving the prostate gland demon- vary from small capillaries to characteristic larger hemangiopericytoma- 
strates proliferation of bland spindle cells with a “patternless” pattern like staghorn vessels (b). Strong and diffuse nuclear reactivity of 
of stroma that is collagenized. Lack of admixed prostate glands and STAT6 monoclonal antibody, suggestive of NAB2-STAT6 gene fusion, 
prominent collagen deposition in the stroma distinguishes it from a is characteristic and confirms the diagnosis of SFT 

prostate stromal tumor (a). Vessels are abundant and hyalinized and 
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Table 11.4 Inflammatory myofibroblastic tumor 


Definition 

Inflammatory myofibroblastic tumor (IMT) typically involves the bladder; prostatic inflammatory myofibroblastic tumor, either secondary to 
extension from the bladder or as a primary of the prostate, is extremely rare. Varying terms have been used in literature such as 
pseudosarcomatous fibromyxoid tumor, pseudosarcomatous myofibroblastic proliferation, postoperative spindle cell tumor, and inflammatory 
pseudotumor 

Microscopical features (see Fig. 11.5) 

Low-power architecture 

Exhibits proliferation of relatively uniform spindle cells of variable cellularity in a loose myxoid stroma, producing a “tissue cell culture” appearance 
Often contains granulation tissue-type prominent vascularity accompanied by a prominent inflammatory cell infiltrate 

Necrosis is commonly present 

High-power cytology 

The spindle cells have elongated cytoplasmic processes containing bland, uniform nuclei with fine, even chromatin, and occasional prominent nucleoli 
Mitotic activity is often brisk but atypical mitoses are not present 

Immunohistochemical features 

Inflammatory myofibroblastic tumor commonly expresses smooth muscle actin (SMA), broad-spectrum keratins, and low molecular weight 
keratins but usually is nonreactive to high molecular weight keratins and p63. Desmin expression is variable 

Anaplastic lymphoma kinase 1 (ALK-1) expression appears to be most specific; however, reported expression has varied widely from 20% to 
75%. Fluorescent in situ hybridization technique has higher sensitivity and detects ALK-1 alterations in up to 70% of cases 

Differential diagnosis 

Leiomyosarcoma: The differential from low-grade sarcoma can be especially challenging as IMT may closely mimic sarcoma 

The presence of nuclear crowding, hyperchromatism, irregularity, or anaplasia excludes the diagnosis of IMT. Similarly, the presence of 
atypical mitoses excludes the diagnosis of IMT 

The presence of MSA and calponin reactivity supports the diagnosis of leiomyosarcoma. The presence of ALK-1 reactivity supports the 
diagnosis of IMT 

Sarcomatoid carcinoma 

The presence of aberrant keratin reactivity in IMT may create further confusion with sarcomatoid carcinoma. Past history of prostate 
adenocarcinoma and the presence of malignant glands suggest the diagnosis of sarcomatoid carcinoma 

C-kit or ALK-1 immunoreactivity suggests a specific diagnosis of GIST or inflammatory myofibroblastic tumor, respectively 

Clinical presentation and significance 

Mostly present in the fourth to seventh decades, presenting either with obstructive urinary symptoms, hematuria, or abnormal DRE findings 
As in the bladder, patients may have history of trauma or prior surgical procedure 

Most reported cases have been treated with TUR and have not shown progression or metastasis. Small risk of recurrence (~30%) has been reported 
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Fig. 11.5 The cells of inflammatory myofibroblastic tumor of the be quite prominent or multiple; however, nuclear hyperchromasia is not 
prostate gland have typical myofibroblastic features with elongated or seen (b). ALK rearrangement by FISH and ALK protein expression by 


“stretched-out” spindle cells, often within a loose myxoid background immunohistochemistry is seen in up to 75% of cases 
(a). The nuclei may have significant variation in size, and nucleoli may 


11.5 Leiomyosarcoma 


Table 11.5 Leiomyosarcoma 


Definition 

Primary leiomyosarcoma (LMS) is rare, comprising <0.1% of prostate malignancies. Despite its rarity, leiomyosarcoma and 
rhabdomyosarcoma represent the most predominant types of adult prostate sarcomas 

Microscopical features (see also Fig. 11.6) 

Low-power architecture 

Tumor is composed of cellular proliferation of spindle cells arranged in vague fascicles. A subset of tumors is characterized by epithelioid 
morphology consisting of cells with abundant clear to amphophilic cytoplasm 

Necrosis is common and usually abundant, and tumor may undergo cystic degeneration 

High-power cytology 

Tumor cells exhibit cigar-shaped nuclei with hyperchromatism, high cellularity, and atypical mitoses 

Based on the degree of mitoses and nuclear pleomorphism, the tumor is divided into low and high grade 

Immunohistochemical features 

The tumor diffusely expresses muscle markers including MSA, SMA, and calponin. Desmin is variably positive 

A subset of LMSs aberrantly expresses keratins 

Differential diagnosis 

Sarcomatoid carcinoma 

A subset of LMSs express keratins, a significant diagnostic pitfall and may complicate the differential diagnosis from sarcomatoid carcinoma, 
which may also variably express muscle markers. The diffuse expression of multiple muscle markers supports the diagnosis of LMS over 
sarcomatoid carcinoma 

Past history of prostate adenocarcinoma and the presence of malignant glands suggest the diagnosis of sarcomatoid carcinoma 

Prostate stromal sarcoma: The presence of associated benign prostate glands favors the prostate stromal sarcoma. In addition, the presence of 
diffuse muscle markers: MSA, desmin, and/or calponin favor the LMS over prostate stromal sarcoma 

Definitive diagnosis in small needle biopsy may not be feasible and may need an excision for definitive classification 

Clinical presentation and significance 

LMS has an aggressive clinical course. Radical surgery is the treatment of choice, but it is often difficult to completely resect the tumor. 
Metastasis is frequent, and common sites include the lung, abdominal wall, brain, lymph nodes, liver, kidney, and bone. Factors predictive of 
long-term survival are negative surgical margins after radical surgery and absence of metastasis at presentation 
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Fig. 11.6 The transurethral resection of the prostate (TURP) specimen 
from a 58-year-old man demonstrated diffuse proliferation of high- 
grade spindle and epithelioid cells in a haphazard pattern (a). Some 
nuclei have a cigar shape and demonstrate frequent atypical mitoses 
(b). The differential diagnosis included PSS, sarcomatoid carcinoma, 


and leiomyosarcoma. Tumor cells were diffusely and strongly positive 
for several muscle markers including desmin (c), calponin, and muscle- 
specific actin (not shown). The tumor cells also demonstrated focal 
aberrant reactivity for pancytokeratin (d). The diagnosis of high-grade 
leiomyosarcoma was made 


Fig. 11.7 The prostate gland is replaced by a high-grade undifferenti- 
ated sarcoma with numerous atypical mitoses and cellular pleomor- 
phism (a). Another area demonstrated characteristic rhabdomyoblasts 
(arrow) with abundant eosinophilic cytoplasm (b). Myogenin (c), 


MyoD1, and desmin were strongly positive, supporting the diagnosis of 
rhabdomyosarcoma. Rhabdomyosarcoma involving the prostate gland 
is typically of the embryonal subtype and occurs predominantly in the 
pediatric population; only rare cases are described in adults 
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Fig. 11.8 Gastrointestinal stromal tumor (GIST) in a prostate core 
biopsy often represent rectal based tumors that compress and displace 
the prostate gland [8]. These GISTs, similar to other sites of origin, may 
have a variety of histological patterns, including spindled and epitheli- 
oid morphology (a-c). The spindle cell morphology may have signifi- 
cant overlap with that of prostatic stromal proliferations, which are 


Immunohistochemical Characteristics 
of Select Spindle Cell Lesions 
of Prostate [2, 6-7, 9-10] 


11.6 


more common. Immunophenotypically, GISTs  characteristically 
express CD34, CD117 (C-kit), and DOG-1. One must remember to 
consider this diagnostic possibility in prostate biopsies. GISTs involv- 
ing the prostate gland should be evaluated using standard prognostic 
stratification proposed by WHO 


Table 11.6 Immunohistochemical characteristics of select spindle cell lesions of the prostate 
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+ variable expression, ER estrogen receptor, GIST gastrointestinal stromal tumor, IMT inflammatory myofibroblastic tumor, PR progesterone 
receptor, SFT solitary fibrous tumor, SMA smooth muscle actin, STUMP stromal tumors of uncertain malignant potential 
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Fig. 11.9 Diagnostic approach to spindle cell lesions of the prostate. 
STUMP, stromal tumors of uncertain malignant potential; PSS, pros- 
tatic stromal sarcoma; IHC, immunohistochemistry; GIST, gastrointes- 
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Treatment Effect in Benign 
and Malignant Prostate Tissue 


Prostate lesions are managed by surgical and nonsurgical 
modalities, including observation, active surveillance, surgi- 
cal resection, ablation by physical methods such as cryoabla- 
tion and thermal ablation, and drugs that target androgen 
pathways (Table 12.1). Treatment may cause significant 
changes in morphology of both benign and malignant pros- 
tate tissues [1]. Such changes may pose a significant chal- 
lenge in diagnosis and grading of prostate cancer, particularly 
in needle biopsy specimens. In addition, prostate cancer with 
treatment effect should not be Gleason-graded as therapy- 


Table 12.1 Treatment modalities for prostate lesions 


Treatment modality Clinical indication 
Observation 
Active surveillance 


Radical prostatectomy 


Check for 
updates 


12 


induced architectural changes, upon which Gleason grading 
is based, are not indicative of its biological behavior. 
Treatment history is, however, not always provided by clini- 
cians. Therefore, pathologists should be aware of the histo- 
logical changes associated with treatments in benign and 
malignant prostate tissue. 


Treatment Modalities for Prostate 
Lesions 


12.1 


Very low-risk to unfavorable intermediate-risk cancer and expected survival <10 years 
Very low-risk to favorable intermediate-risk cancer and expected survival >10 years 
Very low-risk cancer and expected survival >20 years 


Low risk to unfavorable intermediate risk and expected survival >10 years 
High or very high risk and expected survival >5 years 


Radiation (external beam, 
brachytherapy) 


Very low-risk to favorable intermediate-risk cancer and expected survival >20 years 
Low-risk cancer and expected survival >10 years 


Favorable intermediate-risk cancer 


Androgen deprivation (luteinizing 
hormone-releasing hormone [LHRH] 
antagonists and antiandrogens) 
Androgen deprivation + radiation 


Regional risk cancer with expected survival >5 years 


Adjuvant therapy for lymph node metastasis following radical prostatectomy 


Unfavorable intermediate-risk cancer 


High to regional risk cancer with expected survival >5 years 


Sa-Reductase inhibitors Benign prostatic hypertrophy 
Cryotherapy 

failed radiation or focal therapy 
Hyperthermia (laser, microwave) 


localized cancer 


Less well-established alternative to prostatectomy and radiation; may be used as salvage therapy for 


Benign prostatic hypertrophy; less well-established alternative to prostatectomy and radiation for 


The National Comprehensive Cancer Network (NCCN) prostate cancer treatment guideline stratifies cancer into very low-, low-, favorable inter- 
mediate-, unfavorable intermediate-, high-, very high-, regional- and metastatic-risk groups based on the clinical stage, biopsy findings, and serum 


PSA [2] 
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12.2 Androgen Pathway and Antiandrogen 
Therapy in Prostate Cancer 
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Fig. 12.1 Androgen pathway and androgen deprivation therapy in 
prostate cancer. Androgens play critical roles in the development and 
functions of the normal prostate gland and in benign prostatic hyperpla- 
sia and prostate carcinogenesis. Agents that block androgen production 
(LHRH agonists [leuprolide and goserelin] and antagonists [degarelix]) 
and androgen receptors (first-generation antiandrogens including flu- 
tamide, bicalutamide, and nilutamide) are prescribed for advanced 
stage, treatment-naïve prostate cancer. A combination of LHRH ago- 
nists and antiandrogens is very potent blocking androgen pathway and 
can often achieve castrate levels of serum testosterone. Although andro- 
gen deprivation therapy is initially successful in most men, develop- 
ment of resistance (castration resistant) is inevitable, occurring within 
18-24 months after treatment initiation, as the result of androgen recep- 
tor gene amplification, mutation, and intratumoral biosynthesis of tes- 
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tosterone from the weak adrenal androgens. Second-generation 
antiandrogens (enzalutamide) and aromatase inhibitor (abiraterone 
acetate) have been developed to treat castration resistant PCa [3]. 
Antiandrogen therapy can be administered in a neoadjuvant setting 
before prostatectomy or in combination with radiation or chemother- 
apy. Significant histological changes occur in both benign and malig- 
nant prostate tissue [1, 4]. 5a-reductase inhibitors (finasteride and 
dutasteride) block the conversion of testosterone to more potent dihy- 
drotestosterone. They are prescribed for benign prostatic hypertrophy 
and have been used in prostate cancer prevention trials. However, tes- 
tosterone is still present; therefore, total androgen withdrawal is not 
achieved. As a result, 5a-reductase inhibitors causes minimum to no 
histological changes in prostate tissue [5, 6] 
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12.3 Histologic Changes Following 
Androgen Deprivation Therapy 
in Benign and Malignant Prostate 
Tissue 


Table 12.2 Histologic changes following androgen deprivation ther- 
apy in benign and malignant prostate tissue 


Benign prostatic tissue (Figs. 12.2 and 12.3) 
Secretory cells 
Glandular atrophy 
Cytoplasmic vacuolization and clearing 
Small and dense nuclei 
Basal cells 
Basal cell hyperplasia 
Urothelial and squamous metaplasia 
Stroma 
Stromal prominence, decreased gland/stroma ratio 
Edema and fibrosis 
Lymphohistiocytic infiltration 
Malignant prostatic tissue* (Figs. 12.4—12.10) 
Architecture 
Collapse of glandular architecture, poorly formed glands 
simulating pattern 4/5 
Single cells, cords of cells 
Mucinous degeneration with formation of mucin lake 
Cytoplasm 
Atrophic changes mimicking benign atrophy 
Cytoplasmic clearing and vacuolization 
Nuclei 
Shrunken or pyknotic 


‘Changes associated with antiandrogen therapy usually become appar- 
ent within 3 months of the treatment and are reversible with nucleoli 
reappearing within 20 days after cessation of the treatment. Gleason 
grades should not be assigned if there are treatment-induced changes in 
cancer glands as they are not biologically relevant 


Fig. 12.2 Benign prostate tissue after androgen deprivation: glandular 
atrophy and stromal predominance. Benign glands become diffusely 
atrophic, although they still maintain their size and lobulated architec- 
ture. As a result, stroma is prominent. It also shows fibrosis and patchy 
lymphohistiocytic inflammatory infiltration 
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Fig. 12.3 Benign prostate tissue after androgen deprivation: basal cell 
hyperplasia. Benign glands show prominent basal cell hyperplasia and may 
undergo urothelial or squamous metaplasia. Secretory cells are atrophic. 
The stroma shows fibrosis and mixed inflammatory infiltrates. Also notice 
cancer glands (right) disintegrate into single cells and small clusters 


Fig. 12.4 Prostate cancer following androgen deprivation: atrophic 
changes. Cancer glands become atrophic (/ower half). They intermingle 
with larger atrophic benign glands (upper half) and are indistinguish- 
able from the latter at the low magnification (a). They are, however, 
small and crowded and exhibit infiltrative growth between the benign 
glands, a telltale sign of cancer. At high magnification, some cancer 
cells, although atrophic, still have prominent nucleoli (b) 


12 Treatment Effect in Benign and Malignant Prostate Tissue 


Fig. 12.5 Prostate cancer following androgen deprivation: collapse of 
glandular architecture to form poorly formed glands. This is the most 
common finding after androgen deprivation. Cancer glands collapse 
into small and large irregular poorly formed glands, single cells, and 
cords of cells 


Fig. 12.7 Prostate cancer following androgen deprivation: mucinous 
degeneration. Cancer glands disintegrate and form “mucin lake” in 
which wisps of blue mucin and occasional cancer cells and naked nuclei 
are seen. Sometimes, clear acellular space is seen. Note the lympho- 
cytic infiltrates in the background 


Fig. 12.6 Prostate cancer following androgen deprivation: “bland 
cytology.” Cancer cells have abundant clear cytoplasm and small, dense 
nuclei without prominent nucleoli 


Fig. 12.8 Prostate cancer following androgen deprivation: “histiocyte- 
like.” Single or small cluster of cancer cells have abundant xanthoma- 
tous cytoplasm and pyknotic nuclei, resembling foamy histiocytes 
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Fig. 12.9 Prostate cancer following androgen deprivation: 
individual cells. Individual cancer cells, mixed with other 
inflammatory cells and embedded in a fibrotic stroma, are easy 
to overlook. At high magnification, some nuclei are 
hyperchromatic and atypical. Immunostains for pancytokeratin 
and prostate markers such as prostate-specific antigen (PSA) 
and NKX3.1 are often required to identify the cancer cells 


Fig. 12.10 Prostate cancer after finasteride treatment. Cancer glands 
show minimum histological changes (a). Several glands have slightly 
atrophic cytoplasm and small and dark nuclei without prominent nucle- 
oli (b). Therefore, Gleason grade should still be assigned in these cases. 
Prostate Cancer Prevention Trial (PCPT) reported a decreased overall 


incidence of prostate cancer but an increase in the incidence of high- 
grade prostate cancer with finasteride. It is thought that finasteride 
might have contributed to the increase in high-grade cancer by reducing 
the prostate volume and selective inhibition of low-grade cancer, rather 
than effects on tumor morphology [7] 
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Table 12.3 Histological changes following radiation therapy in benign and malignant prostate tissue 


Benign (Figs. 12.11, 12.12, and 12.13) 
Architecture Lobulated architecture maintained 


Cancer’ (Figs. 12.14, 12.15, and 12.16) 
Atrophic changes 


Individual glands with marked distortion of glandular contour Cancer glands disintegrating into single or small cluster 


Glands lined with multilayered cells 
Basal and squamous metaplasia common 
Cytological and Atrophic cytoplasm 


of cells 


Abundant vacuolated, clear, or foamy cytoplasm 


nuclear features Scattered, markedly atypical nuclei with degenerative atypia Small, pyknotic nuclei 


Stroma Fibrosis 


Vascular changes (intimal thickening and medial fibrosis) uncommon 


“Grading treatment effect in radiation-treated prostate cancer, based on the degree of nuclear and cytoplasmic changes, is predictive of posttreat- 
ment failure (Table 12.4 and [8]) 


Fig. 12.11 Benign prostatic tissue showing radiation atypia. Benign 
glands are markedly atrophic but still maintain their lobular architecture 
(a). Glands have a highly irregular contour and are lined predominantly 
with basal cells confirmed by the immunohistochemical stain for p63 
(b). The stroma is prominent. Radiation-induced vascular changes, 


Fig. 12.12 Benign glands showing radiation atypia. The gland 
has an irregular contour and is lined with multiple layers of 
cells. The cytoplasm is eosinophilic rather than being clear. The 
nuclei are piled up with degenerative appearance. There are 
scattered, enlarged, and hyperchromatic nuclei 


including intimal thickening with atheroma-like changes and medial 
fibrosis (c), can be seen. The degree of radiation-induced changes var- 
ies with the dose and duration and the interval between treatments. 
Such a biopsy should be signed out as “benign prostatic tissue with 
radiation atypia” [1, 9] 
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Fig. 12.13 Benign glands showing radiation atypia with basal cell hyperplasia (a) confirmed by the immunostain for p63 (b). Squamous cell 
metaplasia is also commonly seen 


Fig. 12.14 Prostate cancer glands with radiation effect. The cancer tive growth pattern.” They are negative for p63 but positive for 
glands show atrophic cytoplasm and pyknotic nuclei (a) indistinguish-  «-methylacyl-CoA racemase (AMACR) (b). Notice the benign glands 
able from benign atrophy. However, they exhibit characteristic “infiltra- with radiation atypia in the low mid (a) 


Fig. 12.15 A prostate biopsy containing cancer with radiation effect. glands with radiation atypia in (a). Cancer with radiation effect should 
Cancer demonstrates single and cords of cells (a) with voluminous not be assigned a Gleason grade 
foamy cytoplasm and pyknotic nuclei (b). Notice the larger benign 
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12.5 Histological Changes Associated 
with Cryotherapy 


Fig. 12.16 Prostate cancer showing minimum or no radiation effect 
after treatment. Note that a benign gland (upper left) demonstrates radi- 
ation effect. Gleason grade can be assigned for cancer without signifi- 
cant radiation effect 


Table 12.4 Significance of postradiotherapy prostate biopsy 


Postradiotherapy biopsy 
Indication: PSA rise posttreatment 
Timing: 24-30 months after treatment (when serum PSA levels 
reach nadir and are stable in a successfully treated patient) 
Postradiation biopsy results 
Negative for carcinoma 
Residual carcinoma with radiation effect; Gleason grade not 
assigned 
Carcinoma with no treatment effect; Gleason grade assigned 
Impact of postradiotherapy biopsy on clinical outcomes 
Two-year postradiation biopsy results strongly predictive of 5-year 
disease-free survival (82% and 83% for negative and severe 
treatment effect; 27% for cancer with no or mild treatment effect [8]) 


Fig.12.17 Histological changes in benign prostate tissue after cryoab- 
lation. Cryoablation utilizes multiple cryoprobes filled with circulating 
liquid nitrogen to freeze and destroy prostate tissue. Following cryoab- 
lation, prostate tissue shows features of tissue damage and repair, 
including marked reduction of glandular tissue and prominent stroma 
with myxoid degeneration (a), hemorrhage and hemosiderin deposition 
(b), and at later stages, fibrosis and chronic inflammation. Residual 
viable glands show regenerative changes, basal cell hyperplasia, and 
squamous cell metaplasia. Coagulative necrosis may be seen within 
several weeks and months after the treatment [10] 
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Fig. 12.18 Transurethral resection of prostate (TURP) that was previ- 
ously treated with laser ablation. The specimen contains a fibrotic area 
surrounded by inflammation (a). The glands at the periphery show 
hyperthermia-induced changes including cytoplasmic vacuolization 
and pyknotic nuclei (b). Hyperthermia uses high temperature generated 
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in Diagnosis and Prognosis 


of Prostate Cancer 


Prostate cancer, like other cancers, develops as the result of 
multiple, complex molecular events of initiation, unregu- 
lated growth, invasion, and metastasis. These complex 
molecular events include both loss of specific genomic 
sequences that lead to inactivation of tumor suppressor 
genes and gain of specific chromosome regions that are 
associated with activation of oncogenes. In prostate carcino- 
genesis, androgen receptor is believed to play a central role. 
The most common chromosomal aberrations demonstrated 
in prostatic carcinoma are TMPRSS2: ETS gene fusions, 
PTEN deletion, TP53 gene mutation, gain of chromosome 7 
(particularly 7q31), loss of 8p and gain of 8q, and loss of 
10q, 16q, and 18q. 

Serum prostate-specific antigen (PSA) has remained the 
mainstay biomarker for the prostate cancer diagnosis and 
management since its widespread utilization as a screening 
tool almost 25 years ago. Although it has led to a dramatic 
increase in prostate cancer detection, PSA has substantial 
drawbacks both with sensitivity and specificity. Detection of 
clinically insignificant disease is another important issue. 
Together, these drawbacks of PSA emphasize the need for 
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biomarkers that can supplement PSA as a diagnostic test, 
provide better cancer specificity than currently available 
tissue-based markers, reduce the number of unnecessary 
biopsies, and distinguish indolent from clinically significant 
prostate cancer. New genomic and bioinformatics technolo- 
gies have discovered and enabled to study an expanding uni- 
verse of novel tissue, urine, or body fluid-based biomarkers 
due to their higher cancer specificity or its prognostic or pre- 
dictive utility. Such efforts have also produced several nota- 
ble success stories that involve rapidly moving biomarkers 
from the bench to the clinic. 

This chapter summarizes current understanding of molec- 
ular prostate carcinogenesis, types of PSA measurements 
utilized in clinical practice, and potential application of some 
of the most promising liquid biopsy and tissue-based bio- 
markers in the diagnosis and management of prostate cancer. 
For many of these proposed biomarkers, additional studies 
are needed to validate their clinical utility. In addition, it is 
important to keep in mind that biomarker development and 
validation is affected by many compounding pre-, intra-, and 
post- analytic factors. 
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Fig. 13.1 Multistep model of prostate cancer progression. Prostate metastatic prostate cancer, and finally to androgen-independent meta- 
cancer development is a multistep process involving complex molecu- static disease that is invariably fatal. Normal prostate cells accumulate 
lar events. Distinct sets of key genes and proteins promote progression genetic abnormalities over time, resulting in a dysregulated growth, dif- 
from the putative precursor lesion, termed high-grade prostatic intraep- ferentiation, and function. In addition to genetic changes, inflammation 
ithelial neoplasia (HGPIN), or, alternately, from proliferative inflam- is also believed to play an important role in prostate carcinogen- 
matory atrophy to hormone-naive clinically localized cancer, to esis. (Adapted from Nelson et al. [1—3]) 


Fig. 13.2 Molecular classification of prostate cancer. The 
majority of primary prostate cancers harbor ETS gene 
rearrangements, most commonly TMPRSS2-ERG fusions. The 
PTEN and TP53 tumor suppressors are deleted or mutated in 
20—40% of primary prostate cancer, with significant overlap 
with each other and ETS rearrangements. SPOP mutations, 
which occur in about 10% of prostate cancers, are mutually 
exclusive with ETS rearrangements; these tumors typically lack 
PTEN deletions and other lesions but are associated with 
deletions of CHD/. Metastatic tumors have a significant 
increase in lesions in PTEN deletions and other P/3K pathway 
components and an overall increase in genomic alterations; in 
addition, mutations and amplifications of the AR gene emerge, 
mostly in cancers treated with androgen deprivation therapy. 
AR, androgen receptor. (Reproduced from Barbieri and 
Tomlins [4], with permission from authors and Elsevier) 
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13.1 Types of PSA Measurements 
in Clinical Practice [5] 


Table 13.1 Types of PSA measurements in clinical practice 


PSA measurement Normal range Definition and significance 

Total PSA <4 ng/mL Free + bound PSA 

Free PSA, % > 25% Patients with a lower percentage of free PSA have a higher risk of prostate 
10-25% (intermediate range) cancer; used for PSA levels of 4-10 ng/mL 

PSA velocity If baseline PSA is <4 ng/mL, increase A higher rate of PSA increase is more suspicious for malignancy than a single 
of >0.35 ng/mL is suspicious PSA measurement; used in patients with PSA levels of 4-10 ng/mL; not 
If baseline PSA is 4-10 ng/mL, recommended by the American Cancer Society 
increase of >0.75 ng/mL is suspicious 

Age-related PSA 40—49 y; <2.5 ng/mL Useful in younger men who generally have lower baseline PSA levels 


50-59 y; <3.5 ng/mL 
60-69 y; <4.5 ng/mL 
70-79 y; <6.5 ng/mL 


PSA density 40—49 y; <0.10 ng/mL Calculated by dividing the total serum PSA level by the estimated gland volume 
50-59 y; <0.12 ng/mL (determined by transrectal ultrasonography measurement). An adjustment is 
60-69 y; <0.14 ng/mL required for men with a larger prostate volume, especially due to conditions such 
70-79 y; <0.16 ng/mL as BPH 


13.2 Emerging Biomarkers 
for the Diagnosis and Prognosis 
of Prostate Cancer [2, 5-16] 


Table 13.2 Emerging biomarkers for the diagnosis and prognosis of prostate cancer 


Biomarker Biology Clinical applications 

PSA derivatives Various forms of PSA in blood, including free PSA Substantially altered metabolic activity of PSA derivatives in 
(fPSA) and complex PSA (cPSA) the occurrence and development of prostate cancer 
fPSA includes nicked PSA, intact PSA, and proPSA, Within the PSA range of 2-10 ng/mL, PSA derivative 
whereas cPSA mostly refers to PSA bound to measurement may aid in an improved early detection of 


a1-antichymotrypsin (PSA-ACT) and less frequently prostate cancer 

PSA bound to o-macroglobulin (PSA-A2M) and Overall significance in the early detection of prostate cancer 
a1-protease inhibitor (PSA-API) needs to be validated 
ProPSA is a proenzyme without catalytic activity 

and is formed when a leader sequence at the end of 

the amino acid chain is cleaved. ProPSA with leader 

peptides are further named as [—2], [—4], [—5], and 

[—7] proPSA depending on cleavage by human 

kallikrein 2(hk2) 

Benign PSA (BPSA) is formed when the internal 

peptide bonds between 145 and 146 amino acids and 

between 182 and 183 amino acids are ruptured. It 

mainly correlates with the volume of the transition 

zone of prostate 


Prostate cancer PCA3 gene, located on chromosome 9 (9q21—22), PCA3 RNA can be detected in the urine and prostatic fluid 
antigen 3 (PCA produces PCA3 RNA with no resultant protein collected following attentive digital rectal examination for 
3)-DD3 (Progensa, PCA3 RNA is specific for prostate cancer prostate cancer (each lobe passed three times) 

Gen-probe) PCA3 RNA levels are independent of prostate The PCA3 assay result is reported as a PCA3 score, which is a 
volume and serum PSA but may be higher in quantitative ratio of PCA3 RNA to PSA RNA, multiplied 
patients with larger, more aggressive tumors 1000x to normalize the amount of prostate RNA present in the 
PCA3 is a more specific predictor of prostate cancer urine sample 
than serum PSA and/or percent free PSA A PCA3 score > 25 is positive 


A PCA3 cutoff score of >25 has a sensitivity of 54% Higher PCA3 score correlates with higher probability of a 

and a specificity of 74% compared with a sensitivity prostate cancer 

of 83% and a specificity of 17% for a serum PSA of Currently, PCA3 is largely utilized as an adjunct to serum PSA 

4.0 ng/mL for cancer risk stratification of patients undergoing repeat 
prostate biopsy 


(continued) 
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Table 13.2 (continued) 


Biomarker 


Glutathione 
s-transferase m 1 
(GSTP 1) 


a-Methylacyl-CoA 
racemase (AMACR) 


TMPRSS2: ETS fusion 
genes 


Biology 

Most common epigenetic change in prostate cancer 
The GSTP/ gene methylation silences the gene 
GSTP1 gene methylation deprives normal cells of 
protection against damage by oxidation and 
electrophilic substances and subsequent malignant 
transformation 

GSTP1 expression is rarely detected in prostate 
cancers 

Methylation of the GSTP/ is present in PIN and 
cancer but not in benign glands 

AMACR is an enzyme that participates in the 
B-oxidation of branched chain fatty acids 
Consistent overexpression of AMACR in prostate 
cancer compared to benign prostate tissues 

Both monoclonal and polyclonal antibodies to 
AMACR are developed. P504S is the commercially 
available monoclonal antibody to AMACR 
AMACR is not prostate cancer-specific; other cancer 
types that express AMACR include, most notably, 
colorectal cancers and renal cell carcinoma, 
papillary type 

AMACR expression is cytoplasmic, granular, and 
apical in distribution; expression is frequently 
heterogeneous 

TMPRSS2 is an androgen-controlled prostate- 
specific transmembrane serine protease and is 
expressed in both benign and malignant prostate 
tissue 

The ETS genes are a family of oncogenic 
transcription factors 

Recurrent gene fusions involving the 3’ ETS 
transcription factor gene family members ERG 
(21q22.2), ETV1 (7p22.2), ETV4 (17q21), or ETV5 
(3q28) fused to 5’ partner TMPRSS2 gene (21q22.3) 
have been identified in the majority (~60%) of 
prostate cancers 

TMPRSS2: ERG fusion is the most prevalent, 
occurring in approximately 50% of localized 
prostate cancers and 30% of androgen-independent 
metastatic prostate cancers 

AS TMPRSS2 and ERG are located only ~3 Mb 
apart on chromosome 21, gene fusions between two 
partners occur through genomic loss (interstitial 
deletion) or nonhomologous translocation (insertion) 
between two chromosomes 21 

The TMPRSS2: ETS fusion gene enables the ETS 
gene to be activated by the promoter of the 
androgen-controlled TMPRSS2 gene and to 
cooperate with other genes, most notably PTEN in 
initiation and progression of prostate carcinogenesis 
TMPRSS2: ETS gene fusions are restricted to 
prostate cancer and small fraction (~18%) of HGPIN 
lesions intermingled with adjacent cancer 
demonstrating identical gene fusions, suggesting that 
they are involved in early prostate carcinogenesis 
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Clinical applications 

Using methylation-specific polymerase chain reaction (PCR) 
assay, detection of the methylation of GSTP/ promoter region 
is utilized as a tissue-based diagnostic marker to differentiate 
PIN and cancer from benign prostate tissue including BPH 
Absent or decreased GSTP/ activity in cancerous tissue has 
also been suggested as a potential prognostic marker 


AMACR is first prostate cancer tissue biomarker that, 
combined with basal cell markers, is now routinely utilized to 
resolve the diagnosis of “atypia” or to confirm the diagnosis of 
small volume cancer in needle biopsies 

Average sensitivity of prostate cancer detection in needle 
biopsies is in the range of 70-80% with lower sensitivity in 
certain morphologic variants including foamy, 
pseudohyperplastic, and atrophic variants of prostate cancer 
AMACR is not entirely specific for prostate cancer detection. 
The majority of high-grade PIN, nephrogenic adenoma and a 
subset of partial atrophy, adenosis lesions, and even benign 
glands may demonstrate AMACR expression 


TMPRSS2: ETS gene fusions have potential applications both 
in the diagnosis and prognosis of prostate cancer 

TMPRSS2: ETS gene fusions provide a highly specific 
candidate biomarker that can be detected in tissue, urine, and 
potentially from blood 

ERG overexpression is commonly utilized as a surrogate 
marker of TMPRSS2: ERG gene fusions through use of 
commercially available ERG antibody immunohistochemistry. 
ERG overexpression is highly specific to prostate cancer but 
lacks sensitivity as about 50% of prostate cancers are negative. 
Due to its high specificity for prostate cancer, ERG-positive 
“atypical glands suspicious for carcinoma” (ATYP) where the 
diagnosis of HGPIN is ruled out is diagnostic of prostate 
carcinoma. ERG overexpression occurs in 70-80% of 
intraductal carcinoma (IDC-P) and is concordant between 
intraductal carcinoma and invasive cancer. ERG rearrangement 
is also a highly specific marker for small-cell carcinoma of the 
prostate 

TMPRSS2: ERG gene fusions, most notably interstitial 
deletions and duplication of deleted copy, have been suggested 
to be associated with poor outcomes; however, overall 
significance and evidence of TMPRSS2: ERG gene fusions in 
prostate cancer outcomes remain controversial 

Prognostic significance improves when the class of TMPRSS2: 
ERG gene fusions is combined with PTEN deletions (see 
below) 
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Table 13.2 (continued) 


Biomarker 
Phosphate and tensin 
homolog deleted on 
chromosome 10 
(PTEN) 


Speckle-type POZ 
mutations (SPOP 
gene) 


Hereditary prostate 
cancer | (HPC/) 


Golgi phosphoprotein 
2 (GOLPH2) 


Sarcosine 


SPINK] (serine 
peptidase inhibitor, 
Kazal type 1) 


Biology 

PTEN is a key tumor suppressor gene in prostate 
cancer 

Loss of PTEN function results in increased PIP3 
(phosphatidylinositol [3, 4, 17]- triphosphate) levels 
and subsequent Akt phosphorylation and modulation 
of its downstream molecular oncogenic processes 
PTEN inactivation plays an important role in 
prostate cancer during progression to androgen 
independence 

PTEN deletion correlates with prostate cancer 
progression, with lowest frequency in HGPIN and 
highest in metastatic prostate cancers 

PTEN deletion and ERG rearrangement may 
cooperate but likely contribute to different stages of 
prostate cancer progression 

Collective data suggest PTEN deletion is a late 
genetic event, possibly a “second hit” after ERG 
rearrangement 

The SPOP gene encodes for the substrate 
recognition component of a Cullin 3-based 
E3-ubiquitin ligase 

The presence of recurrent non-synonymous 
mutations in SPOP gene occur in 6-13% of prostate 
cancers 

SPOP mutation inactivates gene function by 
disrupting SPOP-substrate interactions. Loss of 
SPOP function results in increased invasion and 
altered gene expression 

HPC] is a susceptibility gene of prostate cancer, 
located on chromosome 1(1q24—25) 

Site of RNASEL gene (1q25), a candidate allele for 
HRE 

RNASEL plays antiviral and antiproliferative 
activities mediated by 2-5A pathway, which, 
alternatively is regulated by interferon; mutation of 
RNASEL results in significantly reduced 
antiproliferative activity 

HPC] is likely involved in initiation of hereditary 
prostate cancer 

Also known as GOLM1 or GP73 is type II Golgi 
membrane protein 

Overexpressed in prostate cancer compared to 
benign prostate tissue 

A metabolite that can be measured from body fluids 
Sarcosine levels correlate with prostate cancer 
progression, and highest levels are detected in 
metastatic prostate cancer, followed by localized 
prostate cancers compared to adjacent benign 
prostate tissue 

SPINK] outlier expression seen exclusively in a 
subset of ETS rearrangement-negative (~10%) 
prostate cancers 

SPINK] expression and ETS gene fusion status 
mutually exclusive 

SPINK has a functional role in ETS rearrangement- 
negative prostate cancers 
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Clinical applications 

PTEN genomic deletion and absence of PTEN protein 
expression are associated with unfavorable clinical outcome 
While both ERG and PTEN alterations occur at the genomic 
level, ERG and PTEN immunohistochemistry has been shown 
to be a sensitive and specific approach to detect these 
underlying genetic abnormalities 

PTEN loss is independently associated with increased risk of 
lethal progression, particularly in the ERG fusion-negative 
subgroup in radical prostatectomy cohort 

PTEN loss occurs in 70-80% of intraductal carcinoma (IDC-P) 
and is concordant between intraductal carcinoma and invasive 
cancer 


SPOP mutation represents a distinct class of prostate cancer 
with aggressive features 

SPOP mutations are mutually exclusive to ETS gene 
rearrangements 


Mutation or deletion of RNASEL is potentially associated with 
increased risk of developing prostate cancer and has been 
proposed as a candidate susceptibility gene for prostate cancer 
development 


Overexpression of GOLPH2 mRNA can be detected by PCR in 
tissues and urine samples after digital rectal examination 
Potential role in the setting of a multiplex diagnostic 
biomarkers to improve the early detection of prostate cancer 
High levels of sarcosine are associated with poor prognosis and 
outcome in prostate cancer 

Proposed as a potential marker of aggressive prostate cancer 


SPINK] is associated with prostate cancer aggressiveness and 
can be detected noninvasively in urine using RT-PCR-based 
methods 

SPINK] is a biomarker specific for subset of aggressive 
ETS-negative prostate cancers 

The role of SPINK as a biomarker can be improved when 
combined or multiplexed with other putative biomarkers 
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Table 13.2 (continued) 


Biomarker 
Prostate-specific 
membrane antigen 
(PSMA) and prostate 
cell surface antigen 
(PCSA) 


Enhancer of zeste 
homolog 2 (EZH2) 


p27 


Ki-67 (clone MIB-1) 


Enlarged 
prostate (BPH) 


T PSA 


Prostate 


Fig. 13.3 A model illustrating application of various biomarkers in the 
management of prostate cancer based on current unmet clinical needs. 


Biology Clinical applications 

PSMA has been utilized as a therapeutic target by using 
anti-PSMA dendritic cells or PSMA antibody conjugated 
radioactive isotopes 

PCSA has been utilized as a treatment target and has been 
correlated with poor prognostic factors such as high Gleason 
grade, advanced stage, and metastasis 


PSMA is a type II integral membrane glycoprotein 
that is highly expressed in the prostate epithelium 
It is also expressed in low quantity in the small 
intestine, brain, kidney, liver, spleen, colon, and 
capillary endothelium of variety of tumors 

The membrane-bound form is most abundant in 
prostate tumors 

PCSA is a cell surface transmembrane glycoprotein 
of human prostate epithelial cells 

PCSA is highly specific for prostate 

A member of the polycomb gene family EZH2 is highly overexpressed in metastatic hormone refractory 
Transcriptional repressor known to be active early in prostate cancer 

embryogenesis Localized prostate cancers with E2H2 protein overexpression 
Expression decreases as cells differentiate have a higher risk of developing biochemical recurrence 
following radical prostatectomy 

Quantitative immunohistochemistry analysis of p27 has been 
suggested as a prognostic biomarker 

Lack of or reduced expression of p27 has been correlated with 
aggressive cancer and poor outcome 


A cyclin-dependent kinase inhibitor 1B (p27, KiP1) 
and is located on 12p13 

p27 expression is downregulated with prostate 
cancer progression 

Ki-67 expression level measures proliferative 
fraction of tumor cells in tissues, typically using 
MIB-1 clone IHC 

The definitions of cutoff values for a positive test 
vary widely (range 2.4—26%), most revolve around 
5-10% 


Numerous studies have analyzed Ki-67 expression levels in 
prostate cancer and have found independent prognostic value 
Ki-67 is prognostic for death in patients of watchful waiting 
cohorts, for biochemical relapse in patients treated by radical 
prostatectomy, and for disease progression in patients 
undergoing radiation 

Despite overwhelming evidence of prognostic value, Ki-67 has 
not entered mainstream clinical practice yet. Confirmatory 
studies are needed to clarify whether Ki-67 is a relevant 
prognostic marker for prostate cancer and whether it can be 
utilized to determine treatment options for patients 
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13.3 Commercially Available Liquid Biopsy 
and Other Tissue-Based Platforms 
(Biomarkers) to Determine When 
to Perform Prostate Biopsy [18-21] 


Table 13.3 Commercially available liquid biopsy and other tissue-based platforms (biomarkers) to determine when to perform prostate biopsy 


Biomarker Platform 
Prostate health Blood-based chemistry 
index (phi) 


Prostate cancer Urine, PCR-based test 
antigen 3 

(Progensa PCA3) 

(also see 

Table 13.2) 


ExoDX prostate Urine, PCR-based test 
(IntelliScore) 


T2-ERG Urine, PCR-based test 
4KScore test Blood-based proprietary 
test 


Confirm MDx Paraffin-embedded 
biopsy material, PCR 


PINgenius Immunohistochemistry 
and morphological 
analysis 

Prostate Core Paraffin-embedded 

Mitomic test biopsy material, PCR 


Biology 
Blood test combines measurements of free/ 
total PSA and proPSA to arrive at a score 


PCA3 gene is highly overexpressed in 
prostate cancer; assay tests for PCA3 
messenger RNA from urine and prostatic 
fluid collected following attentive digital 
rectal examination. The test reported as 
score, which is a quantitative ratio of PCA3 
RNA to PSA RNA. A PCA3 score > 25 is 
positive 

Analyzes exosomal RNA for three 
biomarkers including TMPRSS2: ERG, 
PCA3, and SPDEF, known to be expressed 
in men with high-grade prostate cancer. 
Using a proprietary algorithm, the test 
integrates three-gene signature and assigns 
individualized risk score for patients that 
predict the presence of high-grade (Gleason 
score > 7) prostate cancer. The test 
demonstrated 91.3% negative predictive 
value (NPV). The test was able to predict 
high-grade prostate cancer results with 91.9 
percent sensitivity 

Measures both PCA3 and TMPRSS2: ERG 
fusion genes instead of PCA3 alone. 
Requires similar sample like PCA3 test. The 
test has better performance with improved 
sensitivity and specificity for prostate cancer 
detection than PCA3 test alone as ERG is 
highly specific to prostate cancer 

Reflex blood test for men who have an 
abnormal PSA or DRE result. Measures a 
panel of four kallikrein protein biomarkers 


(total PSA, free PSA, intact PSA, and human 


kallikrein-related peptidase 2) and other 
clinical information in an algorithm that 
provides a percent risk for a high-grade 
cancer on biopsy 

Epigenetic test that detects changes that 
occur in cells around cancer from 
methylation of DNA. Looks for halo effect 
(field effect) around area of unsampled 
cancer 


Assay combining biomarker and histological 
interpretation factors. Provides cancer risk 
stratification for men with initial diagnosis 
of HGPIN. High-risk (average 60%) of 
discovering prostate cancer upon rebiopsy 
when testing positive for PINgenius 

Based on science of mitochondrial DNA 
(mtDNA); uses existing biopsy tissue to 
determine presence of malignant cells via a 
cancerization field effect 


Clinical applications 

Phi level of 27 selects men for biopsy, lowers 
rate of unnecessary biopsies, and reduces rate of 
overdiagnosis of nonaggressive disease 

Higher PCA3 score correlates with higher 
probability of a prostate cancer. It outperforms 
PSA in predicting low- and intermediate-grade 
cancers. Currently, PCA3 test is largely utilized 
as an adjunct to serum PSA for cancer risk 
stratification of patients undergoing repeat 
prostate biopsy 


Discriminates high-grade (GS7 or higher) from 
low-grade (GS6) cancer and benign disease. 
Improved identification of patients with 
higher-grade prostate cancer among men with 
elevated PSA levels and can help to better select 
patents for watchful waiting and active 
surveillance protocols. It can reduce the total 
number of unnecessary biopsies 


Similar applications like PCA3 test. Higher 
score correlates with higher probability of 
prostate cancer. Reduces unnecessary biopsies 


Utilized for an initial or repeat biopsy after a 
prior negative biopsy result. Reduces 
unnecessary biopsies 


Testing performed on first negative biopsy 
(includes HGPIN but NOT ATYP) results in 
negative predictive value of 90%. Negative test 
eliminates the need to rebiopsy. Reduces 
unnecessary rebiopsies for patient with previous 
negative biopsy or previous HGPIN diagnosis 
If PINgenius results suggest high-risk, repeat 
biopsy may be indicated; if PINgenius result 
suggests low-risk, conservative follow-up may 
be indicated; delay or avoid rebiopsy 


Application is similar to Confirm MDx test. 
Testing performed on first negative biopsy 
(includes HGPIN and ATYP/suspicious 
diagnosis). Negative predictive value of 91%; 
predicted presence of missed tumor in 17 of 20 
men a year before diagnosis 
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13.4 Commercially Available Molecular 
Tests Utilized to Determine Outcome 
and Therapy Decisions for Prostate 
Cancer Patients [12, 22-26] 


Table 13.4 Commercially available molecular tests utilized to determine outcome and therapy decisions for prostate cancer patients 


Biomarker 
PTEN and 
ERG (see also 
Table 13.2) 


Oncotype Dx 


Prolaris 


Decipher 


Metamark 


Platform 


Immunohistochemistry 
(IHC) and FISH 


Paraffin-embedded 
tissue, PCR 


Paraffin-embedded 
tissue, PCR, requires at 
least 0.5 mm in length of 
continuous tumor 


Paraffin-embedded 
tissue, PCR, requires at 
least 1 mm in length of 
continuous tumor 


Proteomic (protein) 
based test 


Biology 

Measures PTEN loss (partial or 
complete) and ERG 
overexpression on selected 
prostate cancer specimens. 


17 genes targeting androgen 
signaling, stromal response, 
proliferation, cellular 
organization and reference 
genes to provide a Genomic 
Prostate Score (GPS) 


46-gene expression signature 
includes cell cycle progression 
(CCP) genes to provide a CCP 
score 


Genomic test provides measure 
of biological risk of metastatic 
prostate cancer after radical 
prostatectomy (RP); recently 
introduced biopsy-based test to 
classify risk of prostate cancer 
Automated image recognition 
technology provides 
identification of tumor cells and 
quantitative measurement of 
predictive protein biomarker 
expression levels to provide 8 
protein signatures to provide 
individualized risk score 


Clinical applications 

For stratifying risk of prostate cancer progression on biopsy. 
Indicated for biopsy Gleason score 3 + 3 and 3 + 4 patients. 
Prostate cancer patients with Gleason score 3 + 3 on biopsy with 
PTEN loss associated with upgrading to Gleason pattern 4 on 
radical prostatectomy. Prostate cancer patients with PTEN loss 
and no ERG overexpression correlated with disease specific 
death using radical prostatectomy specimens. IHC offers 
cost-effective and sensitive, specific alternative to detect PTEN 
deletion and ERG gene fusions 

For stratifying risk of prostate cancer progression on biopsy. 
Genes assayed in test predicated for metastasis or death in 
low-and high-grade tumors in prostatectomy specimens. Patients 
with LOW GPS score are candidates for active surveillance. The 
test is covered by Medicare and recommended by NCCN for 
NCCN very low-risk and low-risk disease categories at diagnosis 
with 10-20 years life expectancy 

For stratifying risk of prostate cancer progression on biopsy. 
After prostatectomy, the CCP score was found useful for 
predicting biochemical recurrence. The test is covered by 
Medicare and recommended by NCCN for NCCN very low-risk 
and low-risk disease categories at diagnosis with at least 10 years 
life expectancy 

Urologists are likely to change treatment decisions when 
presented with genomic biomarker information following RP; the 
biopsy-based test stratifies risk of prostate cancer progression. 
The test is covered by Medicare and recommended by NCCN for 
post-RP in following indications: (1) pT2 with positive margins, 
(2) any pT3 disease, (3) rising PSA (above nadir) 

Predict prostate cancer aggressiveness in patients with biopsy 
Gleason score of 3 + 3 and3 +4 
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Biopsy Specimen Handling, Processing, 
and Quality Assurance Program 


With widespread use of prostate-specific antigen (PSA) 
screening, a greater number of prostate biopsies are per- 
formed. It is estimated that more than one million prostate 
biopsies are performed in the United States annually, with 
each biopsy consisting of an average of eight to ten sample 
cores, creating an estimated ten million tissue samples. This 
trend has created a challenge for effective and timely han- 
dling and processing of prostate biopsies in histology labora- 
tories, in addition to their accurate interpretation and quality 
assurance by surgical pathologists. Various laboratory- 
controlled factors influence the prostate cancer detection rate 
in contemporary prostate biopsy practice. 

In addition, genomic testing is increasingly utilized fol- 
lowing prostate biopsy for potential treatment decisions. This 
practice requires that laboratory adequately control various 
pre-, intra-, and post-analytic factors that can potentially 
affect the outcome of genomic testing. This chapter addresses 
ideal practices for the submission, handling, and processing 
of prostate biopsies, as well as commonly applied quality 
assurance programs known to improve overall practice. 
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Fig. 14.1 A prostate biopsy slide with all the tissue cores placed in the 
same block. When multiple cores are in the same block, all the tissue 
cores may not be embedded at the same plane; therefore, some cores 
may not be sectioned and be missing at certain levels. This practice has 
been shown to be less than optimal and is more likely to result in equiv- 
ocal pathology reports and missing small foci of cancer [1-2]. For opti- 
mal results, no more than two to three tissue cores should be embedded 
in the same block 
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14.1 Best Practices for Submission, 


Handling, and Processing of Prostate 
Biopsies 


Table 14.1 Best practices for submission, handling, and processing of prostate biopsies [1-7] 


Handling 
Put tissue cores immediately in formalin following biopsy procedure to minimize cold ischemia; maintain adequate amount of formalin to 
ensure proper fixation of the tissue (10:1 ratio) 
Submission 
Submit cores from different site separately to preserve site (location of the biopsy) information 
A. Reduce equivocal pathology reports (e.g., reduce potential diagnostic pitfalls associated with specific anatomic site, such as 
misinterpreting central zone glands as high-grade prostatic intraepithelial neoplasia [HGPIN] in the biopsy from the base) 
B. Help design a focused rebiopsy sampling strategy for patients with “atypia” diagnosis 
C. Improve preoperative biopsy prediction of radical prostatectomy Gleason grade 
D. Help determine cancer distribution for planning radiotherapy field (e.g., placing seed implants for brachytherapy) 
E. Help with additional tissue sectioning in cases with no cancer in radical prostatectomy 
Fixation 
Maintain adequate fixation for minimum of 8—10 hours; avoid over fixation (<36 hours) 
Grossing and embedding 
Place a maximum of 2-3 cores in each block, even if multiple cores are obtained from one specific site 
A. Minimize the tissue core fragmentation 
B. Maximize the surface area to be examined by keeping tissue flat for embedding 
Microtomy 
Prepare multiple levels (Figs. 14.2 and 14.3) 
A. Allow optimal representation of small foci of atypical glands/cancer 
Prepare intervening unstained levels for possible immunohistochemical work-up (see Figs. 14.2 and 14.3) 
A. Allow optimal representation of small foci of atypical glands for potential immunohistochemical or molecular work-up of prostate cancer 


a a Cs 


Patient A Patient A Patient A Patient A Patient A Patient A 


Patient A 


Rt. Apex Rt. Apex 
Es — | _—_ E> w= cm cmm a w | oA OAN = | 
| | 

— — — Ss w => => o T d d = | 
Patient A|| |[Patient A|| Patient A| Patient A Patient A| [Patient A|| \Patient A|| [Patient A Patient A|| [Patient a | |[Patient A|| |Patient a|! 
Rt. Apex Rt. Apex |! | Rt. Apex Rt. Apex Lt. Apex Lt. Apex Lt. Apex Lt. Apex Rt. Mid Rt. Mid Rt. Mid Rt. Mid 

F F| F F | i I 5 FIIF +| F TEF + i 
H&E Unstained for H&E H&E Unstained for H&E Al GA | Unstained for H&E 

immunostaining immunostaining immunostaining 

etc... —_> 


Fig. 14.2 A diagrammatic representation of best practice for submis- 
sion and laboratory processing of prostate biopsies. For an optimal 
prostate biopsy interpretation and providing quality pathology param- 
eters, the urologist should submit prostate biopsy core(s) from each 
anatomic site in separate containers to preserve the location informa- 
tion. The laboratory should submit and process the biopsy core(s) the 
same way in order to preserve the location information. For each site, 
multiple levels (minimum three levels) should be examined for 


hematoxylin-eosin stain (H&E); intervening sections should be kept on 
positive-charged slides for potential immunohistochemistry and molec- 
ular work-up. This approach ensures preservation of small focus of can- 
cer or atypical glands that may be lost on subsequent deeper levels. 
Studies have shown that this practice reduces “equivocal” pathology 
reports, provides better guidance to urologists for rebiopsy strategy in 
case of “atypia” diagnosis, and improves preoperative Gleason score 
prediction 
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H&E 
Protocol A 


Fig. 14.3 Two prostate biopsy sectioning protocols that provide cost- 
effective yet optimal biopsy interpretation. Many different prostate 
biopsy sectioning protocols have been utilized. An ideal protocol pro- 
vides multiple levels (at least three) of H&E stain for adequate visualiza- 
tion of the needle biopsy cores. Inadequate number of levels may miss 
atypical foci or cancer. In protocol A, three different slides are utilized for 
each biopsy block. Slide 1 and 3 are stained for H&E examination and 
one intervening slide is kept unstained on the charged slide for potential 


14.2 Recommendations for Tissue 
Submission of Transurethral Prostate 
Resection Specimens 


H&E 


H&E 


Protocol B 


immunohistochemical work-up. In protocol B, two slides are utilized per 
block, with multiple levels on each slide. Slide 1 is stained for H&E and 
slide 2 unstained on the charged slide for immunohistochemical work-up. 
The number on the slide reflects the sequence of level of tissue sectioning 
during microtomy. In cases in which atypical focus appears only on later 
levels, additional immediate levels could be obtained for immunohisto- 
chemistry work-up and/or H&E stains and may yield additional useful 
information to resolve the “atypia” diagnosis 


Table 14.2 Recommendations for tissue submission of transurethral prostate resection specimens [8] 


Gross specimen and initial pathology findings 
Tissue chips <12 g total 
Tissue chips >12 g total 


Submission recommendations 
Submit entire tissue for examination 
Submit initial 12 g of grossly abnormal tissue (yellow, firm tissue, etc.), and add 1 


cassette for every additional 5 g of tissue 


Incidental (<5% of tissue chips involved) prostate cancer 
detected in initial prostate chips (cT 1a) 


Submission of remaining tissue desirable, especially in younger patients 
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14.3 Quality Assurance Measures Known 
to Improve Prostate Biopsy Practice 


Table 14.3 Quality assurance measures known to improve prostate biopsy practice [9-12] 


Improvement-related factors 
Handling, grossing, and embedding of specimen 
A. Avoid processing two prostate biopsy specimens consecutively. Process a different type of specimen between two prostate biopsies 
B. Ink the prostate cores of different patients with different colors (e.g., red ink for patient A, yellow ink for patient B) 
Interpretation-related factors 
A. Document “atypia” and “HGPIN” rate 
B. Record Gleason score distribution 
C. Tally distribution of key diagnosis and Gleason score distribution among different pathologists 
Quality control audit 
A. Random blinded reevaluation of 2% prostate biopsies 
B. Prospective intradepartmental consultations or re-review of: 
“Atypia” diagnosis 
Small-volume cancer diagnosis (<5% involvement of biopsy tissue) 
Benign diagnosis with > PSA 10 ng/mL 
Young patients (<50 y) with cancer involving <10% from a single location 
C. Improve interobserver consistency in diagnosis through consensus approach and development of standardized criteria using “disease- 
focused review” and continuous quality improvement approach 
D. Expert second opinion of “equivocal” or “atypia” diagnosis 
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Reporting of Prostate Biopsy 


The primary goal of prostate needle biopsy is to diagnose 
prostate cancer. Biopsy evaluation also provides important 
histomorphological data, including histological type, 
Gleason score, and tumor volume and extent, which are all 
critical for clinicians to prognosticate and manage patients. 
In keeping with the current trend of standardization of surgi- 
cal pathology reports [1], several international pathology 
organizations periodically issue recommendations for the 
reporting of prostate cancer in needle biopsy specimens [2]. 
The information that must be included in prostate biopsy 
reports is understandably in flux as our understanding of the 
pathological and molecular characteristics of prostate cancer 
expands and diagnosis and treatment of prostate cancer con- 
tinue to evolve. In addition, the prostate biopsy should be 
reported in a format that facilitates effective communications 
between pathologists and clinicians and data archival for 
future studies. 
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15.1 Benign Diagnosis 


Table 15.1 Reporting biopsies with benign prostate tissue [2] 


Benign prostate glands and stroma (Figs. 15.1, 15.2, and 15.3) 
Optional: 
Benign mimickers of cancer 
Chronic and acute inflammation 
Nonspecific granulomatous prostatitis* 
Atypical adenomatous hyperplasia (adenosis) 
Severe atrophy 
‘Nonspecific granulomatous prostatitis clinically mimics cancer as 
patients present with indurated prostate gland and elevated serum PSA 
levels. Therefore, these conditions are recommended to be included in 
the biopsy report as they may provide an explanation for patients’ ele- 
vated PSA levels (see Chap. 7). 
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Fig. 15.1 A prostate biopsy core containing a stromal nodule with 
bland spindle cells, several small vessels with hyalinized wall, and lym- 
phocytic infiltrates. Such a prostate biopsy should not be diagnosed as 
“hyperplastic prostate tissue” or “benign prostatic hyperplasia (BPH)” 
as transrectal prostate needle biopsy typically does not sample transi- 
tion zones that BPH most commonly affects. Furthermore, microscopic 
findings of prostatic hyperplasia in needle biopsy do not correlate with 
the clinical symptomatology of BPH or the size of the prostate [3] 


Fig. 15.2 A prostate biopsy core contains scant amount of fibroadi- 
pose tissue and no prostate glands. It is signed out as “fibromuscular 
tissue only; no prostatic glands present” so that the inadequacy of the 
biopsy material can be brought to the attention of urologists who per- 
formed the biopsy 


Fig. 15.3 A prostate biopsy contains acute inflammation within the 
lumens of several glands. This biopsy is signed out as “benign prostatic 
tissue with focal acute inflammation.” The term prostatitis should not be 
used because prostatitis is a clinical diagnosis and microscopic inflamma- 
tion, especially when focal, does not correlate with clinical prostatitis 


15.2 HGPIN and ATYP 


Table 15.2 Reporting biopsies with high-grade prostatic intraepithe- 
lial neoplasia (HGPIN) or atypical glands suspicious for cancer (ATYP) 


HGPIN? or ATYP” 

Optional: 

Extent of HGPIN* 
Focality: unifocal vs. multifocal 
Number of involved cores 
Laterality: unilateral or bilateral 

Location of ATYP’ 

Diagnostic comments* 


“Low-grade PIN should not be diagnosed and reported in needle biop- 
sies as it is of no clinical significance 

Atypical small acinar proliferation (ASAP) is also used as an alterna- 
tive to ATYP by pathologists and clinicians [4]. The cancer risk associ- 
ated with ATYP is similar to that associated with HGPIN with adjacent 
atypical glands (PINATYP) 

‘The extent of HGPIN should be mentioned in the biopsy report, as 
studies have found that multifocal HGPIN (involving >2 cores) carries 
a cancer risk higher than that associated with unifocal HGPIN [5, 6] 
“Knowing the location of the biopsy core containing ATYP can help 
urologists plan the repeat biopsy strategy. For example, if the biopsy 
from the right mid contains ATYP, urologists will increase sampling of 
the right mid in the repeat biopsy 

‘Pathologists may make a recommendation for follow-up scheme fol- 
lowing a diagnosis of HPGIN or ATYP. An example is as follows: 
“Men with HGPIN diagnosed in a single biopsy core do not need a rou- 
tine repeat biopsy. If multiple cores harbor HGPIN, National 
Comprehensive Cancer Network (NCCN) recommends additional serum 
and urine biomarker testing such as free PSA %, prostate health index 
(PHI) or 4Kscore, and imaging studies to assess the risk of high-grade 
cancer upon which the decision to perform repeat biopsy may depend.” 
“For patients with ATYP on initial biopsies, they are recommended for 
additional serum or urine biomarker testing, such as free PSA %, pros- 
tate health index (PHI) or 4Kscore, and imaging studies, to assess the 
risk of high-grade cancer and consider repeated biopsy with relative 
increased sampling of the site where the atypical diagnosis is rendered” 


15.3 Adenocarcinoma of the Prostate 187 


15.3 Adenocarcinoma 
of the Prostate 


Table 15.3 Reporting of prostate biopsies with cancer* 


‘Location and distribution of cancer (site of biopsy if specified) 
Histological type (Fig. 15.4) 
‘Gleason score, including primary and secondary patterns and grade group (Fig. 15.5) 
4% of Gleason pattern 4 in Gleason score 7 (3 + 4, 4 + 3) cancer 
“Presence of unfavorable pathology, including intraductal carcinoma (Fig. 15.6), cribriform cancer glands (Fig. 15.7), and tumor stromal 
response (Fig. 15.8) 
‘Tumor quantification (Fig. 15.9) 
# of positive cores/total number of cores 
Length of cancer in positive core 
% of positive core involved by cancer 
Local invasion 
Extraprostatic extension (tumor in periprostatic adipose tissue) (Fig. 15.10) 
Seminal vesicle (cancer involving specimen directed at and/or containing seminal vesicle) (Figs. 15.11 and 15.12) 
Lymphovascular invasion (report only if identified; see Fig. 15.13) 
Perineural invasion (report only if identified; see Fig. 15.14) 
Therapy-related changes (if there is a clinical history of radiation or hormonal therapy) 
Additional findings 
HGPIN 
ATYP 
Inflammation 


Reporting of prostate biopsies may be done at core, specimen, and case level. The World Health Organization (WHO) and College of American 
Pathologists (CAP) recommend reporting at the core level, meaning each core with cancer is reported separately with Gleason score, tumor quan- 
tity, etc. Some pathologists may provide a case-level summary in conjunction with the core-level report for cases with multiple cores/specimens 
containing cancer of the same Gleason score for the summary of tumor quantification. 

*Knowing the specific location of biopsy cores containing cancer, therefore the location of cancer within the prostate gland, is important for prog- 
nosis, therapy planning, and subsequent repeat biopsy [23-26]. See Chap. 14 for more details. 

‘It is recommended that Gleason scores be assigned for each separately identified core. If multiple cores in a specimen container are not separately 
identified, a Gleason score can be assigned to each positive core provided they are intact. Some pathologists may opt to report an overall Gleason 
score for that specimen. 

“% of pattern 4 should be recorded in all Gleason score 7 (3 + 4, 4 + 3) cases. Currently there is no consensus on how to record the % although it 
may be captured in 10% increments or other stratification method such as <5%, 5—10%, 10-25%, 25-50%, 50-75%, and > 75%. 

“In addition to conventional histomorphological parameters in needle biopsy, such as Gleason score and tumor volume, several additional morpho- 
logical features, including intraductal carcinoma, cribriform cancer glands, and tumor stromal response, are considered unfavorable as they are 
associated with clinically aggressive disease and independently predict adverse outcomes. Recent studies have shown that cribriform cancer 
glands/intraductal carcinoma is an independent parameter for post-prostatectomy PSA recurrence and should be considered an exclusion criterion 
for active surveillance [24, 25]. Tumor stromal response has also been associated with higher risk of recurrence [26]. In stromogenic prostate 
cancer, reactive stroma is disorganized, loose, and rich in extracellular matrix and accounts for >50% of tumor mass. The cancer glands are infiltra- 
tive, angulated, and distorted [27]. Gleason score 6 and 7 cancers have the greatest benefit from the prognostic information provided by the tumor 
stromal response [27]. It is therefore important to document these unfavorable pathological features in the biopsy report, especially in Gleason 
score 6 and 7 cancers. 

'The amount of cancer in needle cores is a very important prognostic factor [28, 29-31]. The biopsy report should include (1) the number of the 
biopsy cores involved by cancer and total number of cores and (2) linear length of cancer in millimeters or percentage of each core involved by 
cancer. For a specimen with fragmented cores, an overall % of cancer over the entire specimen should be estimated. There is no consensus regard- 
ing which of these methods is the best one to report the tumor quantity in needle biopsies. If applied consistently, these methods work equally well 
with a few caveats. Although a high cancer volume in needle biopsy in general correlates with a large-volume cancer in radical prostatectomy, a 
low volume in biopsy does not necessarily indicate a low-volume cancer in radical prostatectomy. 
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Fig. 15.4 Examples of conventional acinar carcinoma (a), foamy 
gland carcinoma (b), mucinous carcinoma (c), and small-cell carci- 
noma (d). The overwhelming majority of prostate cancer is conven- 
tional acinar type, and it is not necessary to specify such cancer as 
“acinar” or “conventional” type. Because morphological variations, 
including atrophic, pseudohyperplastic, and foamy gland cancer, bear 
no distinct clinical significance, they do not merit specific mentioning. 
Other morphological variants, including ductal, mucinous, signet ring 
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cell, adenosquamous, sarcomatoid, and small-cell carcinoma, may have 
diagnostic, prognostic, and therapeutic importance and should be diag- 
nosed in prostate biopsies [7-12]. Diagnosis of “ductal,” “mucinous,” 
or “signet ring cell” carcinoma is reserved for radical prostatectomy or 
transurethral resection specimens in which a large amount of tissue can 
be evaluated. In needle biopsies, a diagnosis of prostate adenocarci- 
noma with “ductal,” “mucinous,” or “signet ring cell” features should 
suffice 


Fig. 15.5 Prostate biopsy containing a minute focus of cancer (a) that is negative for basal cell marker K903 (b). A small focus of cancer should 


be assigned a Gleason score of 3+3=6 (grade group 1) in most cases 
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Fig. 15.6 Intraductal carcinoma of the prostate. It is an unfavorable 
pathological feature that should be reported in the prostate biopsy 


Fig. 15.7 Prostate cancer with cribriform growth pattern. Cribriform 
cancer is an unfavorable pathological feature and should be reported in 
Gleason score 7 or 8 cancer when present. However, it is not always 
possible to distinguish invasive cribriform cancer from intraductal car- 
cinoma based on morphology without doing basal cell IHC. Recent 
studies have, however, shown that both lesions have similar negative 
impact on clinical outcomes when diagnosed in prostate biopsies [13, 
14]. Therefore their distinction in prostate biopsy is not critical. They 
can be referred to as “cribriform growth pattern” in prostate biopsy 
reporting. An example will be: prostate carcinoma, Gleason score 
4 + 3 = 7 (grade group 3; Gleason pattern 4—70%; cribriform growth 
pattern present) 


Fig. 15.8 Tumor stromal response. By definition, stromogenic prostate 
cancer comprises >50% of reactive stroma with stroma/cancer glands 
ratio > 1. The reactive stroma is disorganized, pale, loose, and rich in 
extracellular matrix, and the cancer glands are infiltrative, angulated, and 
distorted (a). In comparison, cancer with normal stroma shows thick 
smooth muscle bundles with little or no reactive stromal response (b) 


Fig. 15.9 Quantification of tumor in prostate biopsy. One issue is how 
to record discontinuous areas of tumor involvement. Prostate cancer 
can involve a core continuously (a), discontinuously with scant inter- 
vening benign glands (b), and discontinuously with abundant interven- 
ing benign glands (c). When estimating the tumor extent, one measures 
from one end of the tumor to the other end without excluding the inter- 
vening benign glands (represented by brackets). If two cancer foci 
are >3 mm apart on the same core (c), they may represent multifocal 
cancer. These cases can be signed out as “prostate cancer discontinu- 
ously involving X% of one core” to indicate such a possibility. In such 
situations, it may be worthwhile reporting discontinuous involvement 
by both including and excluding the intervening benign tissue. Most 
studies, though, have shown that measuring the cancer length from one 
end to the other correlates better with radical prostatectomy findings 
and prognostic outcomes than excluding the intervening benign tissue 
[15, 16] 
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Fig. 15.11 Prostate cancer involving seminal vesicle/ejaculatory duct- 
like structure. Seminal vesicle can be distinguished in needle biopsy if 
its smooth muscle wall is present. In contrast, the ejaculatory duct has a 
rim of loose connective tissue rich in thin vessels. However, the distinc- 
tion of the two is not always possible in biopsy with limited material. If 
so, the biopsy should be diagnosed as “cancer involving seminal vesi- 
cle/ejaculatory duct tissue” 


Fig. 15.10 Prostate cancer with extraprostatic extension in needle 
biopsy. Cancer glands encircle a nerve fiber (perineural invasion) and 
are present in the adipose tissue. Only in exceedingly rare cases is fat 
found in the prostate gland. Therefore, the presence of cancer glands in 
fat in a needle core can be interpreted safely as extraprostatic extension 
[17]. However, ganglion cells and skeletal muscle fibers can frequently 
be found within the prostate gland; therefore, involvement of these 
structures in needle cores should not be equated with extraprostatic 
extension [18] 


Fig. 15.12 A biopsy targeting the seminal vesicle. Urologists may per- 
form a biopsy of the seminal vesicle to better stage prostate cancer 
before prostatectomy. A positive seminal vesicle biopsy confirms the 
presence of extraprostatic invasion and is the most significant predictor 
of pelvic lymph node metastases in men with clinically localized cancer 
[19, 20]. This biopsy specimen contains both seminal vesicle tissue 
(arrows) and cancer (arrowheads). Although present in this biopsy, the 
cancer glands do not involve the seminal vesicle. For such biopsies, the 
report should mention whether the seminal vesicle tissue is present and 
whether cancer involves the seminal vesicle tissue 
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Fig. 15.13 Lymphovascular invasion. This finding is exceedingly rare 
in needle biopsy specimens and should be reported if definitively 
identified 


Fig. 15.14 Perineural invasion. Perineural invasion identified in nee- 
dle biopsy (arrows) correlates with extraprostatic extension in radical 
prostatectomy [21]. This information may be used by surgeons to plan 
nerve-sparing surgery. Some radiation oncology studies suggest that it 
also independently predicts adverse outcomes after radiation therapy. 
However, it is considered a “category 3” prognostic factor (insufficient 
data to warrant prognostic utility). It can be reported if found in needle 
biopsies. Cases that meet biopsy criteria for active surveillance yet have 
perineural invasion are not significantly different from those without 
perineural invasion in terms of adverse findings at radical prostatec- 
tomy; therefore, perineural invasion in prostate biopsy should not dis- 
qualify patients who otherwise meet the inclusion criteria for active 
surveillance [22] 
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a 
PATIENT INFORMATION COLLECTED 17 SEP 2018 ORDERED BY 
RECEIVED 18 SEP 2018 Dr. M Sample 
REPORTED 19 SEP 2018 Test Urologists, LTD 
PATIENT, TEST 
Male, AGE 70 YEARS MRN/CHART 214740 DELIVER TO 
DOB 24 NOV 1947 Dr. M Sample 
ACCESSION #: DS18-001 [OTHER CLINICIAN 1000 W Laboratory Ave. 
Test, TX 75201 
CLINICAL INDICATION: Hx of prostate cancer. Elevated PSA: 7.04 CLINICAL STAGE: Tic 


PSA. 285.46, R97.2. 


P High Grade Prostatic Suspicious for 
HEE Adenocarcinoma Z Intraepithelial Neoplasia Adenocarcinoma 


DS18-120586 Image01: A 


FINAL DIAGNOSIS: 
A. Prostate, Right Lateral Apex, Core Biopsy: 


- ADENCARCINOMA OF THE PROSTATE, GLEASON SCORE 4+4= 8 (Grade Group 4), INVOLVING ONE CORE 


(60%, 7 MM). 
- CRIBRIFORM GROWTH PATTERN IS PRESENT. 


B. Prostate, Right Lateral Mid, Core Biopsy: 


- ADENOCARCINOMA OF THE PROSTATE, GLEASON SCORE 3+3= 6 (Grade Group 1), INVOLVING ONE OF 
TWO FRAGMENTED CORES (20%, 1.5 MM; 12% OF SAMPLED TISSUE). 


C. Prostate, Right Lateral Base, Core Biopsy: 
- Benign prostatic tissue. 


D. Prostate, Right Apex, Core Biopsy: 


- ADENOCARCINOMA OF THE PROSTATE, GLEASON SCORE 3+3= 6 (Grade Group 1), INVOLVING ONE CORE 


(25%, 3 MM). 


E. Prostate, Right Mid, Core, Biopsy: 
- Benign prostatic tissue. 


F. Prostate, Right Base, Core, Biopsy: 
- Benign prostatic tissue. 


Fig. 15.15 A sample prostate biopsy report (a, b). Three parts of this 
12-part biopsy contain cancer. For each part that contains cancer, 
Gleason score and grade group, percentage of pattern 4/5 cancer glands 
(for Gleason score 3 + 4/4 + 3 cancer), number of positive cores versus 
total number of cores, linear length of cancer in millimeters, and per- 
centage of the core involved by cancer are included in the biopsy report. 


The probability of pathological stage at radical prostatectomy (Partin 
table in b) and preoperative prediction of remaining disease free after 
surgery (Han table in b) may be included in the report to help patients 
and clinicians with therapeutic options. It is optional to include represen- 
tative images of cancer or diagrams of cancer distribution, which seem 
to help patients and clinicians understand the biopsy reports 
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b 


G. Prostate, Left Lateral, Apex Core Biopsy: 
- ADENOCARCINOMA OF THE PROSTATE, GLEASON SCORE 3+3= 6 (Grade Group 1), INVOLVING ONE CORE 
(8%, 1 MM). 


H. Prostate, Left Lateral Mid, Core Biopsy: 
- Benign prostatic tissue. 


|. Prostate, Left Lateral Base, Core Biopsy: 
- Benign prostatic tissue. 


J. Prostate, Left Apex, Core Biopsy: 
- Benign prostatic tissue with chronic inflammation. 


K. Prostate, Left Mid, Core Biopsy: 
- Benign prostatic tissue. 


L. Prostate, Left Base, Core Biopsy: 
- HIGH GRADE PROSTATIC INTRAEPITHELIAL NEOPLASIA. “a ee 


Ming Zhou, MD, PhD 
(Electronic Signature) 
12:36PM 19 SEP 2018 


* HAN TABLE* 
See E Preoperative Probability of Remaining Disease-Free After 
y 9 Prostatectomy 
100% 100% = 
97% o, 7 een 
80% 80% 95% 93% 90% 
59% 
60% 60% 
20% 8% 20% 
9 
0% me 
Organ confined Extraprostatic Seminal Lymph 0% 
extension vesicle (+) node (+) 3 5 7 10 
Years After Surgery 


* Partin and Han tables for the probability of post-prostatectomy pathologic stage and likelihood of remaining disease free are based on clinical data present 
at the time of the biopsy evaluation, PSA level, and pathologic grading (Gleason score). References: 1) Partin AW,et al. Jama. 277: 14450-51, 1997. 2) 
Partin AW, et al. Urology. 58; 843-8, 2001. 3) Han M, et al. Urol Clin North Am. 28: 555-65, 2001. 


Fig. 15.15 (continued) 
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Check for 
updates 


Pattern-Based Approach to Prostate 
Biopsy Interpretation 


Diagnosis of prostate cancer is based primarily on its light 
microscopic morphological features. Previous chapters have 
already discussed in detail the morphological criteria for 
diagnosis of prostate cancer and distinction from other can- 
cer mimickers. Many flowcharts, algorithms, and tables were 
used to illustrate the steps in the diagnosis and differential 
diagnosis. This chapter serves as a quick reference for work- 
ing up prostate biopsies with various morphological patterns. 
It will discuss succinctly the morphological patterns that are 
commonly seen in prostate biopsies (Table 16.1) and focus 
on morphological features and immunohistochemical mark- 
ers most important for decision-making steps during the 
evaluation of a particular pattern. 


© Springer Nature Switzerland AG 2019 


16.1 Morphological Patterns Commonly 
Seen in Prostate Cancer 


Table 16.1 Morphological patterns often seen in prostate cancer 


Small glandular pattern 

Atrophic glandular pattern 

Atypical large glandular lesion 
Cribriform lesion 

Poorly formed/fused/nests/single cells 
Circumscribed nodular proliferation 
Glands with pleomorphic nuclei 
Spindle cell lesions 

Neuroendocrine differentiation 


R. B. Shah, M. Zhou, Prostate Biopsy Interpretation, https://doi.org/10.1007/978-3-030-13601-7_16 
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16.2 Small Glandular Pattern 


Definition: Proliferation of discrete glands that are smaller 
than benign glands and often have round rigid lumens. 


Fig. 16.1 Prostate lesion with small glandular pattern. A prostate cancer composed of small cancer glands with rigid lumens (a). A postatrophic 


hyperplasia showing lobular proliferation of small prostate glands (b) 


Table 16.2 Differential diagnosis of prostate lesions with small glan- 


dular pattern 
Normal anatomic Seminal vesicle/ejaculatory duct 
structures Cowper’s glands 
Verumontanum mucosal gland hyperplasia 
Glandular crowding 
Benign conditions Postatrophic hyperplasia 
Partial atrophy 
Adenosis 
Basal cell hyperplasia 
Malignant Prostate carcinoma 
Fig. 16.2 Diagnostic Small glandular proliferation 
algorithm for small glandular 
lesions | 


High-power cytological atypia 
(enlarged nuclei, prominent nucleoli, 
nuclear hyperchromasia) 


No Yes 
AA 
Basal cells 
Normal anatomic structures 
Benign conditions 
Y 
es | | No 
Atypical glands suspicious Prostate carcinoma 
for PCa (ATYP/ASAP) 


Vv 


Additional studies (deeper sections/IHC) 


| 


Normal anatomic structures 
Benign lesions 
(acute inflammation etc) 


Atypical glands suspicious 
for PCa (ATYP/ASAP) 
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16.3 Atrophic Glandular Pattern 


Definition: Prostate glands with reduced amount of cyto- 
plasm and nuclei occupying the full height of cells. May 
exhibit various architectural patterns, including small glan- 
dular, cystic, and lobulated. 


Fig. 16.3 Prostate lesion with atrophic glandular pattern. In partial atrophy, cells have reduced apical cytoplasm but retain abundant lateral cyto- 
plasm (a). Atrophic prostate cancer showing atrophic glands with basophilic appearance (b) 


Table 16.3 Differential diagnosis of prostate lesions with atrophic 


glandular pattern 
Benign Simple atrophy 
conditions Partial atrophy 
Cystic atrophy 
Postatrophic hyperplasia 
Basal cell hyperplasia 
Malignant Atrophic prostate carcinoma 
Prostate cancer following radiation/hormonal 
ablation 
Atrophic glandular proliferation 
b d 
Cytoplasmic quality 
* } 
Basophilic Clear/pale 
(lack of cytoplasm) (reduced cytoplasm) 
l l 
Significant cytological atypia Significant cytological atypia 
(enlarged nuclei, prominent nucleoli, (enlarged nuclei, prominent nucleoli, 
nuclear hyperchromasia) nuclear hyperchromasia) 
No | Yes vej No 
Baseligells, even Toca Basal cells, even focal 
Architecture i Partial atrophy 
Yes 
z | A | | : Atrophic prostate cancer ATYP cannot 
Simple atrophy} | Cystic atrophy Post-atrophic ATYP cannot rule out atrophy 
hyperplasia rule out atrophy | 
Look for history and 
changes suggestive of 
radiation/hormonal 
ablation 


Fig. 16.4 Diagnostic algorithm for prostate lesions with atrophic glandular pattern 
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16.4 Atypical Large Glandular Lesions 


Definition: Prostate glands that are architecturally similar to 
but larger than benign glands. They may exhibit papillary or 
cribriform architecture. They are lined with cytologically 
atypical luminal cells with enlarged/pleomorphic nuclei and 
prominent nucleoli. 


Fig. 16.5 Atypical large prostate glandular lesions. PIN-like prostate cancer comprising of atypical large glands that are much larger than the 
benign glands (a) and are lined with cytological atypical cells (b) 


Table 16.4 Differential diagnosis of atypical large glandular lesions 


Premalignant High-grade prostatic intraepithelial 
neoplasia (HGPIN) 

Intraductal proliferation Atypical intraductal proliferation (AIP) 
Intraductal carcinoma of the prostate 
(IDC-P) 

Invasive carcinoma PIN-like carcinoma 
Ductal adenocarcinoma 


Atypical large glandular lesions 


a 


Confluent growth 
(many back-to-back glands) 


oe | 


Yes 


AIP 
ae PIN-like PCa 
Ductal PCa 
IDC 
Solid/dense cribriform architecture/necrosis Basal cells | Solid/dense True papillae 
pleomorphic nuclei* cribriform/comedo-necrosis/ | cribriform 
pleomorphic nuclei* necrosis 
HGPIN -= AIP + = = 
IDC + IDC + + +or— 
PIN-like PCa - - - 
Ductal PCa = or focally+ = + 


*Nuclear size >6x adjacent benign nuclei 


Fig. 16.6 Diagnostic algorithm for large atypical glandular lesions 


16.5  Cribriform Lesions 


16.5 Cribriform Lesions 


Definition: Proliferation of glandular epithelial cells to form 
lumen-spanning mass with distinctive “spaces” or “holes” in 
between cells, imparting a “Swiss cheese” appearance. 
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Fig. 16.7 Prostate cribriform lesions. A loose cribriform lesion with irregular spaces (a). A dense cribriform lesion with sharp “punched-out” 


holes (b) 


Table 16.5 Differential diagnosis of prostate cribriform lesions 


Benign Central zone glands 
Clear cell cribriform hyperplasia 
Reactive atypia 
Basal cell hyperplasia 
Premalignant Cribriform HGPIN 
Intraductal proliferation | IDC-P 
Atypical intraductal proliferation 
Invasive carcinoma Cribriform carcinoma 
Ductal adenocarcinoma 


Cribriform lesions 


k d 


Cytological atypia in luminal cells 
(nuclear enlargement, prominent nucleoli, marked pleomorphism) 


No 


# cribriform 


Benign lesions glands 
Central zone glands 
Clear cell cribriform hyperplasia 


Reactive 

Basal cell hyperplasia Cribriform HGPIN Single or a few 
AIP A few to many 
IDC A few to many 
PCa Variable 
Ductal PCa Variable 


*Nuclear size >6x adjacent benign nuclei 


Basal cells 


— or focally + 


Solid/dense 
cribriform/comedo- 
necrosis/ 
pleomorphic nuclei* 


PTEN loss 
ERG gene fusion 


Majority + 
Majority + 


Variable 


Variable 


Fig. 16.8 Diagnostic algorithm for cribriform lesions. HGPIN high-grade prostatic intraepithelial neoplasia, AIP atypical intraductal prolifera- 


tion, IDC intraductal carcinoma 
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16.6 Poorly Formed Glands, Fused Glands, 
Nests, and Single Cells 


Definition: Prostate lesions no longer have well-formed dis- 
crete glandular architecture. Glands have poorly formed or 
no lumens. Nests of variable sizes and single or cords of cells 
may be seen. 


Fig. 16.9 Prostate lesions with poorly formed/fused glands and nests. Poorly formed cancer glands (a) and large nests of cancer cells (b) 


Table 16.6 Differential diagnosis of prostate lesions with poorly 
formed glands, fused glands, nests, and single cells 


Benign Sclerosing adenosis 
Malakoplakia 
Paraganglia 
Nonspecific granulomatous prostatitis 
Xanthoma 
Basal cell hyperplasia 
Malignant Prostate cancer, Gleason pattern 4/5 
Prostate cancer, following radiation/hormonal ablation 
Urothelial carcinoma involving the prostate 


Fig. 16.10 Diagnostic — Poorly formed glands/fused glands/nests/single or cords of cells 
algorithm for prostate lesions 


with poorly formed glands, 
fused glands, nests, and single 
cells Frank cytological atypia (enlarged nuclei, prominent nucleoli, nuclear hyperchromasia) 


No Yes 


Basal cell markers 
No 
Benign lesions Prostate carcinoma 


Sclerosing adenosis 


Malakoplakia 
Paraganglia 
NSGP 

Basal cell hyperplasia Look for history and 
Xanthoma changes suggestive of 
radiation/hormonal 
ablation 
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16.7 Circumscribed Nodular Proliferation 


Definition: Proliferation of closely packed glands with cir- 
cumscribed border. 


Table 16.7 Differential diagnosis of prostate lesion with circum- 
scribed nodular proliferation 


Benign Benign prostatic hyperplasia (BPH) 
Adenosis 

Premalignant HGPIN 

PCa Anterior zone/transition zone PCa 
Pseudohyperplastic PCa 


Fig. 16.11 Prostate lesions with circumscribed nodular proliferation. 
Adenosis comprises of closely packed glands with well-circumscribed 


border 
Prostate lesions with circumscribed nodular proliferation in TURP and core biopsy 
Vv 
Cytological atypia 
(nuclear enlargement/prominent nucleoli) 
No Yes 
Basal cells 
Yes 
| No 
BPH Atypical 
Adenosis glands 7 GI i Nucl 
Clear cell cribriform hyperplasia (ATYP) atomic zone andular Heel 
HGPIN size atypia 
Anterior/transition Anterior/transition Uniform Less 
zone PCa zone prominent 
Pseudohyperplastic Peripheral zone Variable Prominent 
PCa 


Fig. 16.12 Diagnostic algorithm for prostate lesion with circumscribed nodular proliferation 
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16.8 Prostate Glands with Pleomorphic 
Nuclei 


Definition: Prostate glands with scattered or diffuse atypical 
pleomorphic nuclei. 


Fig. 16.13 Prostate lesions with pleomorphic nuclei. A focus of benign prostate glands with radiation atypia showing scattered large and hyper- 


chromatic nuclei (a). A focus of intraductal carcinoma of the prostate showing scattered atypical large and hyperchromatic nuclei that are at least 
6x of the adjacent benign nuclei (b) 


Table 16.8 Differential diagnosis of prostate glands with pleomorphic 
nuclei 
Normal structure = Ejaculatory duct 
Seminal vesicle 
Benign Benign glands with radiation atypia 
Malignant PCa, pleomorphic giant cell variant 
Intraductal carcinoma of the prostate 
Urothelial carcinoma involving prostate glands 


Prostate glands with pleomorphic nuclei 


Y 


Frank nuclear atypia (prominent nucleoli, increased mitosis/atypical mitosis) or 
diffuse nuclear atypia or necrosis 


No Yes 


h/o Anatomic | Lipofuscin | Basal cell | PAX8 Basal cell markers Prostate GATA3 
radiation | zone pigment markers markers 


Seminal Biopsy Intraductal carcinoma + in residual basal cells + in secretory — or weakly + in 

vesicle from cells basal cells 

Ejaculatory prostate 

duct base PCa, pleomorphic giant cell - + - 
variant 

Benign Yes Any zone - + - 5 3 

prostate Urothelial Ca Diffusely + - + 

glands with 

radiation 

atypia 


Fig. 16.14 Diagnostic algorithm for prostate glands with pleomorphic nuclei 


16.9 Spindle Cell Lesions 


16.9 Spindle Cell Lesions 


Definition: Composed predominantly or exclusively of spin- 
dle cells of bland or atypical cytological features. May or 
may not have intermixed prostate glands. 


Fig. 16.15 Spindle cell lesions of the prostate. A hyperplastic stromal 
nodule composed of circumscribed proliferation of bland spindle cells 
with many well-formed, somewhat hyalinized small vessels (a). A 


Table 16.9 Differential diagnosis of prostate spindle cell lesions 


Carcinoma 
Prostate stromal 
proliferations 


Mesenchymal tumor 


Sarcomatoid prostate cancer 

Stromal hyperplasia (BPH) 

Stromal tumor of uncertain malignant 
potential (STUMP) 

Stroma sarcoma (PSS) 

Leiomyoma 

Leiomyosarcoma 

Solitary fibrous tumor (SFT) 
Inflammatory myofibroblastic tumor (IMT) 
Nerve sheath tumor 

Gastrointestinal stromal tumor (GIST) 
Rhabdomyosarcoma 

Schwannoma 
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STUMP comprises scattered atypical hyperchromatic yet degenerative- 
appearing nuclei (b) 
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Spindle cell lesions 
Bland spindle cells with prominent vessels 
Multinodularity, distinct borders 


Yesy + No 
Stromal hyperplasia (BPH) 


Cytological features 


ý Y 
Bland spindle cell lesion Atypical spindle cell lesion 
Y 
Admixed benign glands | | 
Yes ¥ + No Degenerative atypia (no Frank atypia (increased 
STUMP IHC panel increased mitosis/atypical mitosis/atypical 
a mitosis/necrosis mitosis/Necrosis 
CD117/DOG-1 I 
ALK1 
MSA STUMP h/o PCa 
S100 Concomitant PCa 
PR IHC for epithelial 
STAT6 markers/prostate markers 
y $ Yy y v } 
SMA+ CD34+ || ALK1+ CD34+ CD34+ S100+ 
CD117+ STAT6+ PR+ 
$ ad y M v 
GIST IMT SFT STUMP Nerve-sheath NO Yes 
tumor 
v v 


Fig. 16.16 Diagnostic algorithm for prostate spindle cell lesions 


16.10 Neuroendocrine Differentiation 
and Tumors of the Prostate 


Definition: Neuroendocrine differentiation and tumors of 
the prostate comprise a range of lesions, from conventional 
prostatic adenocarcinoma with neuroendocrine differentia- 


PSS 
Other sarcoma 


Sarcomatoid PCa 


tion demonstrated by immunohistochemical stains for neuro- 
endocrine markers, adenocarcinoma with Paneth cell-like 
differentiation, well-differentiated neuroendocrine carci- 
noma, to small-cell and large-cell 
carcinoma. 


neuroendocrine 


16.10 Neuroendocrine Differentiation and Tumors of the Prostate 


Fig. 16.17 Neuroendocrine differentiation and tumors of the prostate. Prostate cancer with Paneth cell-like differentiation with bright red cyto- 
plasmic granules (a). Small-cell carcinoma of the prostate (b) 


Table 16.10 Classification of prostate neuroendocrine tumors 


Classification 


Neuroendocrine cells in usual prostate 


adenocarcinoma 


Adenocarcinoma with Paneth cell-like 


differentiation 


Well-differentiated neuroendocrine carcinoma 


Small-cell neuroendocrine carcinoma 
Large-cell neuroendocrine carcinoma 


Definition 


Immunohistochemical positivity for neuroendocrine markers including synaptophysin, 
chromogranin, or CD56 
Neuroendocrine cells with eosinophilic cytoplasmic granules that are immunohistochemically 
positive for neuroendocrine markers 
A tumor with “carcinoid” morphology not closely associated with concomitant 

adenocarcinoma; positive for neuroendocrine markers but negative for prostate markers 


Identical to its counterpart in the lung 


Large nests with peripheral palisading and often geographic necrosis; cytology is that of an 
acinar adenocarcinoma with high mitotic rate; positive IHC for neuroendocrine markers 


Neuroendocrine differentiation and tumors of the prostate 


Conventional acinar/ductal Tumor of “carcinoid” SmCC/LCNEC Morphology overlap 
PCa morphology morphology between SmCC and 
PCa 
| | 
NE differentiation Paneth cell-like Associated with PCa Prostate, 
demonstrated by IHC NE differentiation NE markers Prostate, 
NO YES NE markers 
TTF-1 
Y | Y v Ki-67 

Partial Prostate, P+ P- 

s Pure form NE markers NE- NE+ 

involvement 

P- 
v NE+ 
Ignore NE Do not grade; || P- P+ - = = eer aoe 
differentiation! note the NE+| | NE- PCa with High- SmCC/LCNEC : 
Grade the good “carcinoid” grade PCa 
conventional acinar prognosis L>) morphology 
PCa 
Well-differentiated 
NE tumor Favor SmCC 


Fig. 16.18 Diagnostic approach to neuroendocrine differentiation and tumor of the prostate. P: prostate markers, NE: neuroendocrine markers, 


SmCC small cell carcinoma, LCNEC large cell neuroendocrine carcinoma 


Index 


A 
Abiraterone, 86 
Acinar adenocarcinoma, 69, 72, 74, 79, 83, 102 
Acinar prostate carcinoma, 70, 87 
Active surveillance, 46, 53, 66 
Adenoid cystic carcinoma, 94 
Adenosis (atypical adenomatous hyperplasia), 108, 109, 185, 201 
Adenosquamous carcinoma, 69 
a-Methylacyl-CoA-racemase (AMACR), 37, 70-76, 81, 133, 134, 
137, 139, 174 
apical cytoplasmic granular staining, 37 
expression in adenosis, 37, 39 
heterogeneous, 37 
positive staining, 37 
radiation treatment, 37, 39 
weak staining in foamy gland carcinoma, 37, 38 
Anaplastic lymphoma kinase 1 (ALK1) expression, 155 
Ancillary immunohistochemistry, 19 
Androgen deprivation therapy, 91 
in benign and malignant prostate tissue, 162, 163 
in prostate cancer, 162 
Androgen pathway, 162-163 
Androgen receptor, 171 
Antiandrogen therapy, 162-163 
Antibody cocktail, 40 
Apparent diffusion coefficient (ADC), 13 
Aromatase inhibitor (abiraterone acetate), 162 
Atrophic adenocarcinoma, 69 
differential diagnosis, 70 
Gleason grading and clinical significance, 70 
high-power cytology, 70 
immunohistochemical features, 70 
low-power architecture, 70 
microscopical features, 70 
Atrophic carcinoma, 70 
Atrophic glands with crowded growth pattern, 145 
Atrophic glandular pattern, prostate lesions, 197 
Atrophic prostate cancer, 197 
Atypia associated with marked inflammation, 146 
Atypical adenomatous hyperplasia, 108, 185 
Atypical cribriform lesion (ACL), 127, 128 
Atypical glands suspicious for cancer (ATYP), 30, 143, 186 
clinical significance, 149 
histological features, 143 
Atypical glandular lesions, prostate lesions, 198 
Atypical intraductal carcinoma (AIP), 128 
Atypical intraductal cribriform proliferation., 127 
Atypical intraductal proliferation (AIP), 127, 128, 130 
Atypical large glandular lesions, 198 
Atypical small acinar proliferation (ASAP), 143 
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B 
Basal cell carcinoma (BCC), 69 
clinical significance, 94 
differential diagnosis, 94 
high-power cytology, 94 
immunohistochemical features, 94 
low-power architecture, 94 
microscopical features, 94 
Basal cell hyperplasia, 8, 110, 111, 138, 163 
Basal cell markers, 21, 34, 40, 70, 72, 75, 81, 83, 91 
HMWCK, 34 
negative, 34, 36 
p40, 34 
p63, 34 
prostate carcinoma lacks staining for, 34 
Benign atrophic glands with haphazard/pseudoinfiltrative 
growth pattern, 108 
Benign atrophy, 70 
Benign glands, 146 
basal cell hyperplasia, radiation atypia with, 167 
radiation atypia, 113, 166 
Benign mimics, prostate carcinoma, 124 
architectural and cytological features, 97 
classification of, 98 
histological features, 98 
morphological features, 99 
rectal tissue, 102 
seminal vesicle and ejaculatory duct structures, 100 
Benign prostate glands 
and stroma, 185 
with radiation atypia, 202 
with reactive atypia, 143 
Benign prostate hyperplasia (BPH), 72 
Benign prostate tissue after androgen deprivation, 163 
Benign prostatic glands, 99 
Benign prostatic hyperplasia (BPH), 70, 186 
Benign prostatic tissue, 3 
radiation atypia, 166 
Benign prostate-specific antigen (BPSA), 173 
Biomarkers, prostate cancer diagnosis and prognosis, 173-176 
Biopsy specimen handling and processing, 182, 183 
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Carcinoid tumor, 87, 89 

Carcinosarcoma, see Sarcomatoid carcinoma 
Case-level reporting, 187 

Castration resistant prostate cancer (CRPC), 86 
CD34, 158 

CD56, 87 
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CD117, 158 

CDX-2, 33, 76, 83 

Central zone glands, 117, 138 

Chromosomal aberrations, 171 

Circumscribed crowded glands, 145 

Circumscribed nodular proliferation, prostate lesions, 201 
Clear cell cribriform hyperplasia, 118 

Collagenous micronodules, 20, 50 

Colloid carcinomas, see Mucinous (colloid) carcinoma 
Colonic adenocarcinoma, secondary involvement by, 83 
Conventional acinar carcinoma, 188 

Core-level report, 187 

Cowper’s glands, 6, 70, 75, 94, 102 

Cribriform acinar adenocarcinoma, 128 

Cribriform cancer glands, 189 

Cribriform lesions, prostate lesions, 199 

Cribriform proliferations, prostate gland, 117 
Cryoablation, 168 

Cryotherapy, histological changes, 168—169 

Cystic atrophy, 70, 74, 105 

Cytokeratins, 33, 80 

Cytological atypia, 118 

Cytoplasmic AMACR expression, 116 


D 
Degenerative cytological atypia, 115 
Diagnosis of cancer in prostate biopsy 
benign conditions, 27 
adenosis, 27 
atrophy, 27 
HGPIN, 27 
inflammation, 27 
general approach, 19 
histological features, 20, 30 
major diagnostic features, 21 
absence of basal cells, 21, 23 
crowded glands, 21 
crushed cancer cells mimicking basal cells, 23 
haphazardly arranged glands, 21, 22 
infiltrative growth, 21 
irregular cribriform structure, 22 
large cribriform glands with irregular contour, 21 
linear arrangement of small glands, 21, 22 
nuclear atypia, 21, 24, 25 
partial atrophy with patchy basal cells, 24 
single or cords of atypical cells, 21, 22 
solid nests, 23 
solid nests with/without comedo necrosis, 21 
minor diagnostic features 
amorphous intraluminal secretion, 21, 25 
amphophilic cytoplasm, 25 
blue mucin, 21, 26 
crystalloids, 21, 26 
cytoplasmic amphophilia, 21 
HGPIN, cancer associated with, 21, 27 
mitosis and apoptosis, 21, 26 
periacinar retraction clefting, 21, 27 
practical approach, 30 
quantitative threshold, 29 
Diffuse adenosis of peripheral zone (DAPZ), 108, 109 
Diffusion-weighted imaging (DWD), 13 
Disease focused review continuous quality improvement 
approach, 183 
DOG-1, 158 
Ductal adenocarcinoma, 72, 128, 138, 139 
diagnosis of, 81 
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differential diagnosis 
colonic adenocarcinoma, secondary involvement by, 83 
HGPIN, 83 
prostatic urethral polyp, 83 
urothelial carcinoma, 83 
Gleason grading and clinical significance, 83 
high-power cytology, 83 
immunohistochemical features, 83 
low-power architecture, 83 
microscopical features, 83 
cribriform and papillary patterns, 84 
intraductal spread, 85 
intraluminal necrosis, 85 
solid and papillary growth patterns, 84 
solid architecture, 85 
World Health Organization classification of, 69 
Dynamic contrast-enhanced imaging (DCED), 13 


E 
Enhancer of zeste homolog 2 (EZH2), 176 
Enzylutamide, 86 
Epigenetic test, 177 
EPR protein, 40 
ERG, 71, 75, 81, 83 
positive, 70 
protein, 40, 87, 128 
ETS gene fusions, 171, 174 
Extended biopsy, 12 
Extraprostatic extension, 10 


F 
First-generation antiandrogens, 162 
Foamy gland adenocarcinoma, 69 
Foamy gland carcinoma, 70 
differential diagnosis, 75 
Gleason grading and clinical significance, 75 
high-power cytology, 75 
immunohistochemical and molecular features, 75 
low-power architecture, 75 
microscopical features, 75 
xanthomatous inflammation in needle biopsy, 76 
Focal atrophy, 104 
Fused glands, prostate lesions, 200 


G 
Gain of chromosome 7 (7q31), 171 
Gastrointestinal stromal tumor (GIST) in a prostate core biopsy, 158 
GATA3, 33, 84, 91 
Genomic and bioinformatics technologies, 171 
Genomic testing, 179, 181 
Gleason grading system, 97, 127 
atrophic adenocarcinoma, 70 
concept of, 66 
contemporary Gleason pattern 4, 53 
application in clinical practice, 53 
cribriform glands without basal cells, 53, 54 
cribriform/papillary, 53, 55 
fused glands, 53 
hypernephroid morphology, 53 
ill-defined glands/cluster with poorly formed glandular 
lumina, 53 
intraductal carcinoma mimic pattern 4, 53, 55 
pitfalls of, 53 
poorly formed glands of, 55 
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contemporary Gleason pattern 5 
application in clinical practice, 56 
characterization, 58 


comedocarcinoma subpattern with intraluminal coagulative 


necrosis, 58 
large nests, 57 
single cells/cords of tumor cells, 58 


small to medium sized solid nests of cancer cells, 56, 57 


solid/cribriform/papillary tumor with intraluminal 
comedonecrosis, 56, 57 
solid sheets of tumor cells, 56, 57 
tumor with infiltrating single cell and cord, 56 
ductal adenocarcinoma, 83 
foamy gland carcinoma, 75 
Gleason pattern 3, 50 
cribriform gland formation, 52 
crowded proliferation of individual glands, 50 
telescoping of glands within glands, 52 
“V”- or “Y”-shaped, 51 
Gleason pattern 4 


crowded small glands with extravasated mucin and collapsed 


stroma, 50 
crush and drying artifacts, 52 
perineural invasion with complex growth, 52 
pitfalls of, 55 
poorly formed, 52 
poorly formed pattern 4, 50 
tangential sectioning, 51 
Gleason patterns, 45 
Gleason score 7, 66 
grade groups, 63 
microcystic adenocarcinoma, 74 
modified Gleason grading system, 47, 48 
biopsy and radical prostatectomy Gleason score, 65 
contemporary Gleason pattern 1, 48 
contemporary Gleason pattern 2, 48 
contemporary Gleason pattern 3, 49 
higher grade, secondary patterns of, 64 
lower grade, secondary patterns of, 64 
multiple cores, setting of, 64, 65 
tertiary Gleason pattern of higher grade, 64 
tertiary pattern 5, 64 
mucinous (colloid) carcinoma, 76 
NCCN recurrence risk-estimation model, 46, 47 
Partin and Han tables, 46 
pleomorphic giant cell carcinoma, 79 
poorly formed Gleason pattern 4, reproducibility of, 54 
in post-therapy setting, 63 
in prognosis and therapy decisions, 46 
prostatic intraepithelial neoplasia-like (PIN-like) 
adenocarcinoma, 81 
pseudohyperplastic carcinoma, 72 
sarcomatoid carcinoma, 80 
signet ring cell-like carcinoma, 78 
small cell neuroendocrine (NE) carcinoma, 87 
squamous and adenosquamous cell carcinoma (SCC), 92 
tumor volume, 187 
unusual variant histology types and patterns, 60-62 
Glomeration, 20 
Glomerulation, 20, 52 
Golgi phosphoprotein 2 (GOLPH2), 175 
GSTP1 gene methylation, 174 


H 
Han table, 46 
Hematoxylin—eosin stain (H&E), 182 
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Hereditary prostate cancer 1 (HPC), 175 
High-grade prostatic intraepithelial neoplasia (HGPIN), 6, 21, 27, 28, 
34, 81-83, 127, 128, 130-132, 143, 147, 172, 182 
adjacent small focus of atypical glands, 146 
basal cell stain, 148 
clinical significance, 138 
clinical significance and management of, 133 
differential diagnosis of 
benign lesions, 138 
hyperplasia, 138 
normal prostatic structure, 138 
prostate carcinoma, 138, 139 
histological features of 
architecture, 133-135 
cytology, 133, 136 
immunohistochemistry, 133, 137 
men with, 133 
reporting of PINs, 140 
High-grade undifferentiated sarcoma with atypical mitoses and 
cellular pleomorphism, 157 
High-molecular weight cytokeratin (HMWCK), 4, 33-35, 39, 40, 73, 
78, 80, 83, 84, 91, 92, 94, 147 
Hormone-responsive stroma of prostate gland, 151 
Hypercellular stroma with scattered atypical degenerative cells 
(symplastic pattern), 152 
Hypernephroid pattern, 53 
Hyperplastic prostate tissue, 186 
Hyperthermia, histological changes, 169 


I 
Immunohistochemical markers, 97 
Immunohistochemistry 
high-grade prostatic intraepithelial neoplasia (HGPIN), 133, 137 
in neuroendocrine tumors of the prostate, 89 
prostate biopsy evaluation 
antibody cocktail, 40 
basal cell markers, 34 
clinical settings, 33 
differential diagnosis of, 41 
ERG protein, 40 
markers, 33 
practical guideline for, 42 
prognosis and risk stratification, markers for, 42 
a-Methylacyl-CoA-Racemase, 37 
Immunophenotype of prostate epithelial cell types, 5 
IMT, see Inflammatory myofibroblastic tumor (IMT) 
Inflammation, 27 
Inflammatory myofibroblastic tumor (IMT), 155, 156 
Inner prostate, 1, 2 
International Society of Urologic Pathology (ISUP), 47, 54, 63 
Interobserver reproducibility, 183 
Intraductal carcinoma of the prostate (IDC-P), 41, 55, 59, 138, 140, 189 
AIP, 127 
characterization, 127 
clinical significance, 128, 132 
cribriform acinar adenocarcinoma, 128 
diagnosis of, 127 
differential diagnosis, 128, 130, 131 
ductal adenocarcinoma, 128 
expansile growth of atypical cells, 127 
HGPIN, 127, 128, 130 
immunohistochemical and molecular features, 128 
intraductal/acinar location of atypical cells, 127 
intraductal spread of urothelial carcinoma, 128 
microscopical features, 128—130 
pathologic features, 131, 132 
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Intraluminal comedonecrosis, 129 
Invasive prostatic carcinomas, 127 


K 

Kattan Nomogram, 64 
Ki67, 87, 89, 94, 176 
4Kscore test, 143, 177, 187 


L 

Large cell neuroendocrine carcinoma (LCNEC), 69, 86 
Laser ablation, 169 

Leiomyoma, 151 

Leiomyosarcoma (LMS), 80, 151, 155, 156 

Liquid biopsy, 171, 177 

LMS, see Leiomyosarcoma (LMS) 

Loss of 8p and gain of 8q, 171 

Loss of 10q, 16q, and 18q, 171 

Low-grade PIN, 134 

Low-grade prostatic intraepithelial neoplasia (LGPIN), 133 
Lymphovascular invasion, 190 


M 
Magnetic resonance spectroscopy imaging (MRSD), 13 
Malakoplakia, 121 
Mesonephric remnant hyperplasia, 103 
Microcystic adenocarcinoma, 69, 70 
differential diagnosis, 74 
Gleason grading and clinical significance, 74 
high-power cytology, 74 
immunohistochemical features, 74 
low-power architecture, 74 
microscopical features, 74 
Mixed small-/large-cell neuroendocrine carcinoma, 69, 86 
Modified Gleason grading system, 45, 47, 48 
biopsy and radical prostatectomy Gleason score, 65 
contemporary Gleason pattern 1, 48 
contemporary Gleason pattern 2, 48 
contemporary Gleason pattern 3, 49 
higher grade, secondary patterns of, 64 
lower grade, secondary patterns of, 64 
multiple cores, setting of, 64, 65 
tertiary Gleason pattern of higher grade, 64 
tertiary pattern 5, 64 
Modified Gleason system, 54 
Molecular classification of prostate cancer, 172 
Molecular tests, prostate cancer, 178 
Monophasic/phyllodes-like biphasic stromal overgrowth, 152 
Morphological patterns, prostate cancer, 195 
Mucin lake, 164 
Mucinous (colloid) carcinoma, 69 
differential diagnosis, 76 
Gleason grading and clinical significance, 76 
grading of, 61 
high-power cytology, 76 
immunohistochemical and molecular features, 76 
low-power architecture, 76 
microscopical features, 76, 77 
Mucinous fibroplasia, 20, 50, 52, 60 
Mucinous metaplasia, 70, 75, 103 
Multiparametric-magnetic resonance imaging (mp-MRD), 11, 13-14 
active surveillance, 14 
advantages, 14 
DCEI, 13 
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definition, 13 
detection of prostate cancer, 14 
DWI, 13 
local staging in patients with biopsy-proven prostate cancer, 14 
MRSI, 13 
pathologic diagnosis, impact on, 14 
pelvis after biochemical recurrence, 14 
PI-RADS, 13, 15 
T2W imaging, 13 
Multistep model of prostate cancer progression, 172 


N 

NAB2-STAT6 gene fusion, 152, 154 

National Comprehensive Cancer Network (NCCN) guidelines, 46, 47, 
64, 143 

Nephrogenic adenoma, 114-116 

Nests and single cells, prostate lesions, 200 

Neuroendocrine (NE) differentiation in prostate carcinoma, 86, 204, 
205 

Neuroendocrine prostate cancer (NEPC), 86 

Neuroendocrine tumors, World Health Organization classification 
of, 69 

Neuron specific enolase (NSE), 87 

NKX3.1, 4, 33, 76, 78, 83, 128 

Nonpalpable cancers (stage T1C), 11 

Nonspecific granulomatous prostatitis, 119-120, 185 

Nuclear transcription factors PAX-2 or PAX-8, 116 


(0) 
Oncogene activation, 171 
Outer prostate, 1, 2 


P 
p40, 4 
p63, 4, 5, 8, 9, 83, 91, 94, 128, 137 
p63-positive prostate cancer, 34, 36 
Pancytokeratin, 76 
Paneth cell-like neuroendocrine differentiation, 62, 87 
Paraganglia, 6, 123 
Partial atrophy, 70, 105, 106 
Partin table, 46, 64 
Pattern-based approach, prostate cancer, 195, 197—201, 203-205 
algorithms, 195 
flow charts, 195 
PAX8, 33 
Perineural abutment, 9 
Perineural invasion, 20, 191 
Phosphate and tensin homolog deleted on chromosome 10 (PTEN), 
83, 128, 130, 171, 175 
Platinum-based chemotherapy, 87 
Pleomorphic giant cell, 69 
Pleomorphic giant cell carcinoma 
differential diagnosis, 79 
Gleason grading and clinical significance, 79 
high-power cytology, 79 
immunohistochemical features, 79 
low-power architecture, 79 
microscopical features, 79 
Poorly formed cancer glands, prostate lesions, 200 
Positive AMACR staining in benign prostate glands, 147 
Postatrophic hyperplasia (PAH), 70, 104, 107 
Postoperative spindle cell tumor and inflammatory pseudotumor, 155 
Post-prostatectomy PSA recurrence, 187 
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Postradiation atypia in benign prostate glands, 112-113 
Postradiotherapy prostate biopsy, 113 
morphological changes, 114 
significance of, 168 
Proliferative inflammatory atrophy, 172 
Prostate adenocarcinoma, 156 
Prostate basal cell lesions, 112 
Prostate biopsy 
with atypical glands, 144, 145, 148 
cancer with radiation effect, 167 
Prostate cancer antigen 3 (PCA 3)-DD3, 173 
Prostate cancer, 138, 139 
androgen deprivation, 164, 165 
cribriform pattern, 138 
extraprostatic extension in needle biopsy, 190 
after finasteride treatment, 165 
with radiation effect, 167 
seminal vesicle/ejaculatory duct-like structure, 190 
Prostate cell surface antigen (PCSA), 176 
Prostate cribriform lesions, 119 
Prostate gland anatomy, | 
anterior fibromuscular layer, 1, 2 
central zone, 2 
peripheral zone, 2 
transition zone, 2 
Prostate gland histology 
atrophic prostate glands, 8 
basal cell hyperplasia, 8 
basal cells, 3, 4 
benign prostatic tissue, 3 
corpora amylacea within the glandular lumens, 3, 5 
epithelial cells with neuroendocrine differentiation, 3 
intermediate cells, 3 
intraprostatic structures and their mimickers, 6 
central zone, 6 
Cowper’s glands, 6 
paraganglia, 6 
peripheral zone, 6 
seminal vesicle/ejaculatory ducts, 6 
transition zone, 6 
verumontanum mucosal gland hyperplasia, 6 
irregular contour with luminal undulation, 3 
irregular prostate-periprostatic interface, 10 
lipofuscin pigment, 3, 5 
Paneth cell-like cells with red cytoplasmic granules, 5 
papillary infoldings, 3 
perineural abutment, 9 
secretory cells, 3, 4 
skeletal muscle fibers, 10 
small nodules, 3 
urothelial metaplasia, 9 
variations of normal prostate tissue, 8-10 
Prostate glands with pleomorphic nuclei, 202 
Prostate health index (PHI), 143, 187 
Prostate imaging, reporting and data system (PI-RADS), 13, 15 
Prostate lesions, treatment modalities, 161 
Prostate needle biopsy, 19-20, 131 
Prostate-specific acid phosphatase (PSAP), 4, 33, 87, 92, 94 
Prostate-specific antigen (PSA), 4, 11, 16, 33, 45, 75—80, 83, 84, 87, 
89, 91, 92, 94, 128, 133, 185, 187 
derivatives, 173 
screening, 11, 16 
types, 173 
Prostate-specific markers, 33 
Prostate-specific membrane antigen (PSMA), 4, 33, 76, 78, 83, 84, 91, 
94, 128, 176 


Prostatic hyperplasia, | 
Prostatic intraepithelial neoplasia-like (PIN-like) adenocarcinoma, 
70, 138, 139, 198 
differential diagnosis 
ductal adenocarcinoma, 81 
HGPIN, 81 
Gleason grading and clinical significance, 81 
high-power cytology, 81 
immunohistochemical features, 81 
low-power architecture, 81 
microscopical features, 81, 82 
Prostatic intraepithelial neoplasia (PIN), 70, 133, 171 
Prostatic stroma invasion, 91 
Prostatic stromal sarcoma (PSS), 151, 152, 156 
cytologic atypia, 153 
differential diagnosis, 152 
digital rectal examination, 152 
high cellularity, 153 
immunohistochemical features, 152 
nuclear expression, 152 
rectal pain and palpable mass, 152 
Prostatic urethra biopsy, 115 
Prostatic urethral polyp, 83 
Prostein (P501S), 33 
PSA, see Prostate-specific antigen (PSA) 
PSAP, see Prostate-specific acid phosphatase (PSAP) 
Pseudohyperplastic carcinoma, 60, 69, 70 
differential diagnosis, 72, 73 
Gleason grading and clinical significance, 72 
high-power cytology, 72 
immunohistochemical features, 72 
low-power architecture, 72 
microscopical features, 72, 73 
Pseudosarcomatous fibromyxoid tumor, 155 
Pseudosarcomatous myofibroblastic proliferation, 155 
PTEN, see Phosphate and tensin homolog deleted on 
chromosome 10 (PTEN) 
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Quality assurance measures, prostate biopsy practice, 183 


R 
Radiation therapy in benign and malignant prostate tissue, 166 
Radical prostatectomy, 187 
Reflex blood test, 177 
Regions of interest (ROI), 14 
Repeat biopsy strategy, 133, 138, 149 
Reporting biopsies 
with benign prostate tissue, 185, 191 
with cancer, 187 
with HGPIN/ATYP, 186 
Residual adenocarcinoma, 114 
Rhabdomyosarcoma, 156, 157 


S 

Sarcomatoid, 69 

Sarcomatoid carcinoma, 155, 156 
differential diagnosis, 80 
Gleason grading and clinical significance, 80 
high-power cytology, 80 
immunohistochemical features, 80 
low-power architecture, 80 
microscopical features, 80 
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Sarcosine, 175 
Saturation biopsy, 12 
Sclerosing adenosis, 122, 151 
Second-generation antiandrogens (enzalutamide), 162 
Seminal vesicle/ejaculatory duct epithelium, 100 
Serine peptidase inhibitor, Kazal type 1 (SPINK1), 175 
Serum prostate-specific antigen (PSA), 171 
Sextant biopsy, 12 
Signet ring cell-like carcinoma, 69 
differential diagnosis, 78 
Gleason grading and clinical significance, 78 
high-power cytology, 78 
immunohistochemical features, 78 
low-power architecture, 78 
microscopical features, 78 
Small cancer glands with rigid lumens, 196 
Small cell neuroendocrine (NE) carcinoma, 61 
differential diagnosis, 87 
Gleason grading and clinical significance, 87 
high-power cytology, 87 
immunohistochemical and molecular features, 87 
low-power architecture, 87 
microscopical features, 87 
Small glandular lesions, diagnostic algorithm, 196 
Small glandular pattern, prostate lesions, 196 
Small lymphocytic lymphoma/chronic lymphocytic leukemia 
(SLL/CLL), 121 
Solitary fibrous tumor (SFT), 154, 155 
clinical presentation and significance, 154 
degree of cellularity, 154 
diagnosis, 154 
differential diagnosis, 154 
immunohistochemical features, 154 
microscopical features, 154 
superficial biopsies, 154 
Specialized stromal tumors of prostate gland, 152 
Speckle-type POZ mutations (SPOP gene), 175 
Spindle cell lesions of prostate, 158, 203, 204 
classification, 151 
diagnostic approach, 159 
immunohistochemical characteristics of, 158 
Squamous and adenosquamous cell carcinoma (SCC), 69 
differential diagnosis, 92 
Gleason grading and clinical significance, 92 
high-power cytology, 92 
immunohistochemical features, 92 
low-power architecture, 92 
microscopical features, 92, 93 
STAT6 monoclonal antibody, nuclear reactivity, 154 
Stromal hyperplasia, 151, 152, 154 
Stromal invasion, 91 
Stromal tumors of uncertain malignant potential (STUMP), 151 
classic pattern, 153 
degenerative atypia pattern, 152 
histological patterns, 152 
hypercellular fusiform stromal cells with eosinophilic 
cytoplasm, 152 
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myxoid pattern, 152 
phyllodes-type growth pattern, 152 
pleomorphic and hyperchromatic, 152 
stromal sarcoma, 152 

Systematic core needle biopsy, 16 


T 

Tangential sectioning off/outpouching from HGPIN, 145-148 

Targeted fusion biopsy, 14, 17 

Tissue-based biomarkers, 171 

TMPRSS2, 174 

TMPRSS2: ERG gene fusion, 87, 128 

TP53 gene mutation, 171 

Transcriptional repressor, 176 

Transition zone of prostate, 103, 108, 118, 122 

Transperineal biopsy approaches, 13 

Transrectal biopsy approaches, 13 

Transrectal needle biopsy, | 

Transrectal ultrasound (TRUS)-guided sextant prostate biopsy 
disadvantages, 11 
sextant biopsies, 11 

Transurethral prostate resection specimens, tissue submission, 183 

Transurethral resection of prostate (TURP), 48, 157, 169 

Transurethral resection specimen, 121, 122 

Treatment emergent transformed neuroendocrine prostate cancer, 86 

TTFI, 33, 87 

Tumor quantification in prostate biopsy, 189 

Tumor stromal response, 189 

Tumor suppressor gene inactivation, 171 

T2-weighted imaging, 13 


U 

Urothelial carcinoma, 69, 83, 128 
clinical significance, 91 
differential diagnosis, 91 
high-power cytology, 91 
immunohistochemical features, 91 
low-power architecture, 91 
microscopical features, 91 

Urothelial metaplasia, 9 


vV 


Verumontanum mucosal gland hyperplasia, 6, 101 


WwW 


Well-differentiated neuroendocrine tumor, 69, 89 


x 
Xanthoma, 70, 124 
Xanthomatous inflammation, 75, 76, 125 


